エラジタンニンに含まれる多置換ジアリールエーテルの統一的合成戦略 by 廣兼 司 & Tsukasa Hirokane
/$

	
-"
,( !'








 
20.11 &)+* #3
64587%
 
 
1. !2                                @ 
 
2. (7 C–O 
+3,;0                 6 
2.1 !9                                6 
2.2 $%/                              8 
2.3  45$                  10 
2.4 oxa-Michael 5<*8                     11 
2.5 :16>)*8                        12 
2.6 +3#.                     14 
2.7 +3 ;                     18 
 
3. 	 A $                         20 
3.1 !9                                20 
3.2 $%/                              20 
3.3 $                                21 
 
4. 4&                              28 
 
".'-                                29 
 
?=                                 32 
 

Ac = acetyl 
AIBN = azobisisobutyronitrile 
aq = aqueous 
ATR = attenuated total reflection 
Bn = benzyl 
Bu = butyl 
CC = column chromatography 
conc. = concentrated 
DBDMH = 1,3-dibromo-5,5-dimethylhydantoin 
DDQ = 2,3-dichloro-5,6-dicyano-p-benzoquinone 
DEPT = distorsionless enhancement by polarization transfer 
DHDG = dehydrodigalloyl 
DIBAL-H = diisobutylaluminium hydride 
DMAP = 4-(dimethylamino)pyridine 
DMF = N,N-dimethylformamide 
DMSO = dimethyl sulfoxide 
DNA = deoxyribonucleic acid 
EDCI = N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 
ESI = electrospray ionization 
Et = ethyl 
HHDP = hexahydroxydiphenoyl 
HMBC = hetero-nuclear multiple-bond correlation 
HRMS = high-resolution mass spectrum 
IR = infrared spectrum 
Lit. = literature 
LRMS = low-resolution mass spectrum 
Me = methyl 
MOM = methoxymethyl 
m.p. = melting point 
MS = mass spectrum 
M-sieve = molecular sieve 
Nap = 2-naphthylmethyl 
NMR = nuclear magnetic resonance 
Ph = phenyl 
PIFA = [bis(trifluoroacetoxy)iodo]benzene 
PMB = p-methoxybenzyl 
Pr = propyl 
rt = room temperature 
satd = saturated 
TBAF = tetra-n-butylammonium fluoride 
TFA = trifluoroacetic acid 
THF = tetrahydrofuran 
TLC = thin-layer chromatography 
TMS = tetramethylsilane 
TOF = time of flight 
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2.2. BLMa  
 C–OUK~bAÖ6H~U[e.șQCE Aȗ22ȘȗFig. 1-5Ș9|
wM Dȗ27Ș-:,șC–OUK~b,¤òß=JuǲǰµN
QV)HV`Ä'=)é-HV`Ä"NQV.șK
Eà9 HHDP à-ı9Ʃ,:%'ȉþƏ,£Ȑ>'=ÄÒŲêéıAÈ
7=4"șRT Aȗ23Ș-:,&Juǲ-44(=)8Ÿ
+ŅƊƓ(.ș-:+H~U[e-Òğ,8þě(=ÒğƠǙ-ƋƔ
AƅƄ)" -"7șC–OUK~b-Juǲ-űĶȗScheme 2-3șÉ-
ǰµȘACalc)'Å¸șľƞřȂ(Juǲ0)çį=))"
DHDG à)jgIEà- aryl–O–aryl ơÒ. o-ƩįőǤ(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 450lcLTàA oxa-MichaelÁșƣ' X
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ȗč 3ȘǸÒğǼ 45.ȗScheme 2-3ȘșÍěŭ;ǪĶ-ObA{hO[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TàAsUaCX[(¢Ǔ" 41 -Òğ;ï7 17ș -lcLTà
AsUÄ' 61)"ĔșDIBAL-HAŽ'HV`ACQ4(ǯ­ș
ÓĻ,sUaCX[ǰµAǯ­Ƅ,ǻƼ 62 A÷ǴƄ,Òğ"62
-sUCQǰµ-ǲÄ.șŏņ;á×"Ķš(-5Ǧƺ 18șÎŷ
ƵoGh 63 AĖ"Ķ(șTEMPO/NaClO219șTEMPO/PIDA20șSwern ǲÄ
21șMnO222șDess-MartinǲÄ 23șHBr/DMSO24AŽ=ǲÄň(.ș>8 63
AĖ=)(+%"63 -ƱƝÄ,. 1,3-dibromo-5,5-dimethylhydantoin
ȗDBDMHȘ- ŽÃŊƄ(<ș86%-Îŷ( 64-Br AĖ"Ķ(șKE
à-}FƝÄ,.ș}FƝ)nUAŽ=)( 64-I 0)ȕÎŷ(çį("
ľĔ,șiPÄŲ 45-Br) 45-IAș >!> BnOH-²ò PIFAAŽ=
)(șÎŷ:þě= oQ{hO[,ǲÄ" 
 
2.4. oxa-Michael9?6jx
Wm 
 Òğ" 45-Br) 45-IAŜȈñ¼)'Ž" oxa-MichaelÁƯȆAŐǆ"
Ŝō¼)+=oGh,.¢ǓàAƂ,= 41) 64AŽ">;-ŜȈñ¼
)Ŝō¼-±Ɵ5Ò@AŐǆ"ơŊȗTable 2-1șEntry 14Șș45-Br) 41AƟ5
Ò@"âÒ,ľ8ÍěǣșÎŷƵ%"ȗEntry 1Ș45-I) 41-Ɵ5Ò@
ȗEntry 3Ș(8ȕÎŷ( C–O ơÒđğ"șÍěǧșƞ4(, Entry Ȝ
-âÒ- 3¥,Đ"= 1.5ĻǼ%"- 2&-ÍěAŚǝ=)șÍěĜ.Ʊ
Ɲ)}FƝ-ƯȆƮ).Ǣ,+%'=ľ8ÎŷƵ 45-Br ) 41 -Ɵ5Ò@
ȗEntry 1Ș.șÍěŭØǞ-ƔȄùľ8Āĕ%'șēǣřȂ. oxa-Michael
Á-řȂ,=)Ƭ;>=Entry 1,ƌ"Íěň(.șŜō¼ 41 A 45-Br
,þ' 1.3 ĐǴ Ž">,þ'ș41 A 1 ĐǴ,Ŧ;)Îŷ. 68Ȗ,
"ȗEntry 5ȘEntry 25-Íě(Îŷ"ÊÝ.șàǕ(= oQ{hO
[ 45-Br) 45-I-µǄ(=oQ{hO[ 45-Br.ș60 °C-MeCN4"
. 70 °C- DMSO(șľ(8 10ĻǼ.ô÷#%"șK2CO3AÁ=)úĺ,
µǄ"µǄǣċ.șDMSOAŽ=)ǣș70 °Cș30µ( 45-Br2)B*µ
Ǆ"ĶșMeCN(. 70 °C( 2ĻǼİħ'8õ±,.µǄș45-Br
12ȖÜÎ>" (șµǄ-ÊÝ)+= K2CO3A 1ĐǴ,Ŧ;"øȓAǊ5"
șÎŷ. Entry 5)±ç@;șÍěĻǼǺ+%"ȗEntry 6Șĕ%'șoG
hA 1.3ĐǴșK2CO3A 3ĐǴŽ=ňľǫ(<ș-ň(ŪðAŐǆ
"ŪðA DMSO,ç=)ș45-BrµǄ=:<8ǣÍěõơș0.17Ļ
Ǽ(÷ǴƄ,ÍěǦƺ"ȗEntry 7ȘDMFșTHFșCH2Cl2ștolueneșEtOHșMeNO2ș 
pyridine8ŐǆșÎŷ. >!> 87ș0ș0ș0ș26ș0ș59Ȗ#%"ãà.  K2CO3
ľǫ(<șNa2CO3șCs2CO3șK3PO4(.ș >!> 68%ș23%ș85%#%" 
12 
Table 2-1. oxa-Michael9?6jx
St@ 
 
Entry 45-X Phenol Solvent Time/h Yield/% 
1 Br 41 MeCN 0.5 95 
2 Br 64 MeCN 1 60 
3 I 41 MeCN 1.5 89 
4 I 64 MeCN 3.5 46 
5 Br 41 (1.0 equiv.) MeCN 2.5 68a) 
6b) Br 41 (1.0 equiv.) MeCN 4 68a) 
7 Br 41 DMSO 0.17 98a) 
8 Br 41 DMF 0.5 87a) 
9 Br 41 THF 0.5 0 
10 Br 41 CH2Cl2 0.5 0 
11 Br 41 toluene 0.5 0 
12 Br 41 EtOH 0.5 26a) 
13 Br 41 MeNO2 0.5 0 
14 Br 41 pyridine 3 59a) 
   a) Yield by 1H NMR analysis. Internal standard is acetone. b) K2CO3 (1.0 equiv.) 
 
 
2.5. u<dkzQ@
Wm  
 IbLhǰµ-ǭĥƄǯ­-Őǆ,.ș65AàǕ)'Ž"ȗTable 2-2Ș
65 .șµñ³,CalcșObșHV`șsUaCX[²ò
=>;-öƮà²ò=(șIbLh{hO[ǰµ#AǭĥƄ,
ǯ­"4șIbLh-ǯ­(ƴƄ,Ž;>= NaBH4AǊ" 27
(.șLuche-ň(șCalcǰµArxCX[ÄĻƄ,¢Ǔ"
(șObǰµ- 1,2-ǯ­AǊ5"șCalc8ÓĻ,ǯ­>"ȗEntry 1Ș
28O[ǰµ-ǯ­, Et3SiH)boǱǲȗTFAȘAŽ=)șƿȅ+ťÒ 
45-Br
OOBnBnO
BnO
H
O
X
HO
OO
Ph
+
41 (1.3 equiv.)
MeO
O
OOBnBnO
BnO
H
O
O
OO
Ph
MeO
O
65K2CO3 (3.0 equiv.)
solvent
60 °C
HO
OBnBnO
64 (1.3 equiv.)
MeO
O45-I
or
or
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BnO
H
O
O
OBnBnO
MeO
O
66
or
(1.0 equiv.)
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Entry Reagents Solvent Temperature / °C Yielda / % 
1 NaBH4, CeCl3·7H2O MeOH 0 0 
2 Et3SiH, TFA CH2Cl2 rt 0 
3 n-Bu3SnH, AIBN toluene 100 51 
4 Pd(PP3)4, Et3SiH then TBAF toluene 80 69 
5 Pd(PP3)4, Et3SiH DMF 80 92 
a) Isolated yield.  
 
 
  
 
 
ŲĖ;>"ȗEntry 2ȘEntry 3,ƌ" n-Bu3SnH) AIBNAŽ"~UJň
(-ǯ­(.șÍěŧċ 100 °C-Ļ,ľ8ÎŷƵș51%-Îŷ(Ł6 67AĖ
"Pd(PPh3)4) Et3SiH AŽ"ň(.șŪðbH-)șǯ­-Ǧƺ,:
%'ż"lcLTàbH]TÄ>" 68 ½ż""7șTBAF A
Ž'>AȁÌș67A 69%-Îŷ(Ė"Óǯ­ÍěAMeCNșCH2Cl2șEtOHș
THFșDMFA >!>Ūð)'Őǆ"ơŊșDMF- Žľǫ(<ș68.½
żș 67 -5AÎŷ 92Ȗ(Ė"-Íěň.ș65 (.sUaCX[
¢Ǔ"ǰsUH`)+%" 66 ,8ǫŽ=)(ȗč 6Șș
ȕÎŷ( 69 AĖ"-IbLhǰAǭĥƄ,ǯ­=Íěň-ƋƔ,
:%'șDHDGà-ĵǂőƗšõğ" 
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 Pd(PPh3)4) Et3SiHAŽ"ǯ­Íě-ŕőA Scheme 2-6,ƌ" 29oQ{hO[ 
 65-ìƦǰµA
CH`)ǁ+)șPd(0))Íě'–Ck~
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2.6. '4%2CXg
J`  
 DHDGà-ĵǂőƗšAjgIEà-őƗ0)Ĩď"Ŝō¼)+=oGh
ǰµ 77-ÒğA Scheme 2-7,ƌ"Òğ.ĸƉÄÒŲ(=`b~I 70
;ï7" 304ș70-lcLTàA±' AcÄ 71)"Ŗ,șNa2CO3A
Ž'ƔȄù-Āè©- Acà#AǭĥƄ,ȁÌș72)";,șU
I 72AMOM¢Ǔ'ż" 73- AcàAșlc~UśÙŲAŽ'ȁÌ
 74AĖ"ƣ'șlcLTàA BnÄ'Ė" 75AÁŪðµǄ'șL~
ƽÂàAȁÌ"76-ƯMOM¢Ǔș{hsUÄ,:<oGh 77AÒğ
" 
 oGh 77 ,:= 45-Br 0- oxa-Michael ÁƯȆ.ȗScheme 2-8ȘșDHDG
àőƗ(ľǫÄ"ÍěňAŽ=)(ș93%-Îŷ( oQ{hO[ 78
AĖ"Ŗ-ǯ­Íě8ƋƔ"ľǫňAǫŽ(șÎŷ 75Ȗ( 79AĖ" 
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 Òğ"oGh 79 AĸƉÄÒŲ0ǌÿ'șőǤAƋǋ"ȗScheme 2-9Ș
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17 
Table 2-3. BL 83
 1H NMR,
"2O_; 11c
Zq 
Position 
83 
(ppm) 
Lit. data11c 
(ppm) 
Δobslit 
(ppm) 
Aryl 
7.35  7.35  0.00  
7.30  7.30  0.00  
6.92  6.93  –0.01  
OMe 
4.07  4.08  –0.01  
3.98  3.98  0.00  
3.94  3.94  0.00  
3.94  3.94  0.00  
3.78  3.78  0.00  
3.78  3.78  0.00  
3.68  3.68  0.00  
3.60  3.60  0.00  
3.57  3.58  –0.01  
3.48  3.49  –0.01  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2-4. BL 83
 13C NMR,
"2O_; 11c
Zq 
Position 83 Lit. data
11c Δobs–lit  
(ppm) (ppm) (ppm) 
Aryl 
167.2 167.0 0.2 
166.8 166.6 0.2 
165.6 165.4 0.2 
152.2 152.1 0.1 
151.7 151.6 0.1 
151.6 151.4 0.2 
151.3 151.1 0.2 
150.3 150.2 0.1 
147.4 147.2 0.2 
147.2 147.0 0.2 
145.5 145.3 0.2 
145.5 145.3 0.2 
142.7 142.5 0.2 
127.5 127.3 0.2 
126.5 126.3 0.2 
125.4 125.2 0.2 
125.0 124.8 0.2 
119.4 119.2 0.2 
111.8 111.6 0.2 
109.0 108.8 0.2 
108.9 108.7 0.2 
OMe 
61.4 61.2 0.2 
61.3 61.1 0.2 
61.1 61.0 0.1 
61.0 60.8 0.2 
60.8 60.6 0.2 
60.6 60.5 0.1 
56.4 56.2 0.2 
56.1 55.9 0.2 
52.4 52.2 0.2 
51.9 51.8 0.1 
51.8 51.7 0.1 
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Table 2-5. BL 97
 1H NMR,"2O_; 34
Zq 
97 (ppm) Lit. data34 (ppm) Δobslit (ppm) 
7.56 7.55 0.01 
7.51 7.51 0 
7.06 7.03 0.03 
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45-Br- oxa-MichaelÁƯȆ.÷ǴƄ,Ǧƺ 113AĖ"Ŗ-ǯ­ƄƷȑķÄ.
ȕÎŷ(ǦƺșoGh 99)"Ĕșż"lcLTà- Bn¢Ǔ,:= 114
0-çį)șPinnick ǲÄ,:=Calcǰµ-ǲÄAƠ'Juǲ 115 AÒğ
"ľĔ,±'- BnàAȁÌ'RT Aȗ23ȘAÒğ"Òğ" 23- 1H
) 13C NMR.ĲŶ§)23Ƴ'."8--ș«,ąƂ%"ȗTable 3-1
) 3-2Ș -ąƂ.ș*$;-VtMb(8jgIEàǰµ,ż" 
 
Table 3-1. BL25 A|23}
 1H NMR,"2O_; 42
Zq 
position synthetic 23 
(ppm) 
Lit. data42 
(ppm) 
Δ (obslit) 
(ppm) 
H-1 6.17 6.17 0.00 
H-2 5.58 5.57 0.01 
H-3 5.82 5.82 0.00 
H-4 5.18 5.16 0.02 
H-5 4.50 4.50 0.00 
H-6 5.30 5.29 0.01 
 3.80 3.78 0.02 
Aryl 
7.10 7.09 0.01 
7.00 7.00 0.00 
6.98 6.98 0.00 
6.49 6.47 0.02 
6.37 6.32 0.05 
7.12 7.14 –0.02 
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Table 3-2. BL25 A|23}
 13C NMR,"2O_; 42
Zq 
position 23 (ppm) Lit. data42 (ppm) Δobslit (ppm) 
Glucose C-1 93.7  93.6  0.1  
C-2 71.7  71.7  0.0  
C-3 73.2  73.1  0.1  
C-4 70.7  70.7  0.0  
C-5 73.0  73.0  0.0  
C-6 63.1  63.0  0.1  
Galloyl 
attached C-2 
C-1 119.9  119.8  0.1  
C-2 + 6 110.4  110.3  0.1  
C-3 + 5 146.1  146.1  0.0  
C-4 139.5  139.8  -0.3  
C-7 164.9  164.9  0.0  
Galloyl 
attached C-3 
C-1 120.6  120.5  0.1  
C-2 + 6 110.1  110.1  0.0  
C-3 + 5 145.9  145.9  0.0  
C-4 139.2  139.3  -0.1  
C-7 165.5  165.5  0.0  
Galloyl 
attached C-4 
C-1 120.7  120.6  0.1  
C-2 + 6 110.2  110.2  0.0  
C-3 + 5 145.8  145.8  0.0  
C-4 139.0  139.1  -0.1  
C-7 166.3  166.2  0.1  
valoneoyl C-1 116.0  115.9  0.1  
C-2 125.6  125.5  0.1  
C-3 107.7  107.7  0.0  
C-4 145.2  145.2  0.0  
C-5 136.6  136.7  -0.1  
C-6 144.7  144.7  0.0  
C-7 167.7  167.6  0.1  
C-1' 117.9  117.8  0.1  
C-2' 126.1  126.1  0.0  
C-3' 106.8  106.1  0.7  
C-4' 146.8  146.8  0.0  
C-5' 137.6  137.4  0.2  
C-6' 144.8  144.7  0.1  
C-7' 167.9  167.8  0.1  
C-1'' 115.9  115.3  0.6  
C-2'' 137.7  137.5  0.2  
C-3'' 140.4  140.4  0.0  
C-4'' 139.7  139.8  -0.1  
C-5'' 143.2  143.3  -0.1  
C-6'' 110.0  110.1  -0.1  
C-7'' 167.0  166.3  0.7  
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Table 3-3. BL 116
 1H NMR,"2O_; 42
Zq 
position 116 
(ppm) 
Lit. data42 
(ppm) 
Δ(obslit) 
(ppm) 
H-1 6.29 6.28 0.01  
H-2 5.67 5.66 0.01  
H-3 5.95 5.94 0.01  
H-4 5.3 5.29 0.01  
H-5 4.64 4.62 0.02  
H-6 5.26 5.25 0.01  
H-6' overlapped by the methoxy signals 
galloyl 7.32 7.31 0.01  
7.25 7.24 0.01  
7.24 7.23 0.01  
valoneoyl 7.28 7.26 0.02  
6.78 6.77 0.01  
6.49 6.48 0.01  
Me 4.03 4.02 0.01  
3.92 3.91 0.01  
3.91 3.9 0.01  
3.89 3.88 0.01  
3.88 3.87 0.01  
3.86 3.85 0.01  
3.82 3.81 0.01  
3.8 3.78 0.02  
3.79 3.77 0.02  
3.78 3.77 0.01  
3.77 3.75 0.02  
3.73 3.72 0.01  
3.71 3.71 0.00  
3.71 3.7 0.01  
3.68 3.67 0.01  
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General methods used in experimental procedures 
   All commercially available reagents were used without further purification. All moisture 
and air sensitive reactions were performed in glassware equipped with rubber septa (or a 
septum) under the positive pressure of argon or nitrogen. When necessary, the glassware was 
dried under reduced pressure by heating with a heat-gun and solvents were distilled prior to 
use. The reaction mixture was magnetically stirred. Concentration was performed under 
reduced pressure. 
   The reactions were monitored by TLC and MS. Anhydrous MgSO4 was used to dry 
organic layers after extraction, and it was removed by filtration through a cotton pad. The 
filtrate was concentrated and subjected to further purification protocols if necessary. This 
sequence was represented as “the general drying procedure” in the following experimental 
methods. 
   TLC was performed on Merck pre-coated silica gel 60 F-254 plates or Merck RP-19 F-254 
plates. Spots were visualized by exposure to UV light, or by immersion into a solution of 10% 
phosphomolybdic acid in ethanol, followed by heating at ca. 200 °C. 
Column chromatography (CC) was performed on Merck silica gel 60 (63–200 or 40–63 µm) 
and Kanto Chemical silica gel 60 N (Spherical, neutral, 40–50 or 63–210 µm). The other 
carrier materials were noted in each case. 
   The melting points were uncorrected. Optical rotations were determined with a 100 mm 
cell at 589 nm. IR spectra were recorded with a spectrophotometer equipped with an ATR 
sampling unit, and the major absorbance bands are all reported in wavenumbers (cm–1). All 
MS were obtained using electrospray ionization (ESI) and time-of-flight (TOF) observation.  
   NMR spectra (1H: 400 MHz, 13C: 100 MHz) were observed in the indicated solvent in each 
parenthesis. Either TMS or residual protons of deuterated solvent were used as an internal 
reference. The 1H NMR data are indicated by chemical shifts (δ), with the multiplicity, the 
coupling constants, and the integration in parentheses. The multiplicities are abbreviated as s: 
singlet, d: doublet, t: triplet, q: quartet, quin: quintet, m: multiplet, and br: broad. The 13C NMR 
data are reported as the chemical shift (δ) with the hydrogen multiplicity obtained from the DEPT 
spectra. The multiplicities are abbreviated as s: C, d: CH, t: CH2, and q: CH3. When the number 
for carbon was more than one, the number was added in parentheses. 
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3,4-Dibenzyloxy-5-hydroxybenzyl alcohol (62). 
 
   To a solution of phenol 411 (1.00 g, 3.67 mmol) in a mixture of DMF and toluene (v/v = 3/1, 
37 mL) were added NaH (60% in mineral oil 220 mg, 132 mg as NaH, 5.51 mmol) and BnBr 
(942 mg, 5.51 mmol). The mixture was stirred for 2 h at rt under N2 atmosphere. The reaction was 
quenched by addition of satd aq NH4Cl (20 mL). The aq mixture was extracted with Et2O. The 
organic layer was successively washed with H2O and brine. After the general drying procedure, 
the resulting residue was purified by CC (30 g of SiO2, n-hexane/EtOAc = 20/1 to 5/1) to afford 
the corresponding benzyl ether (1.22 g, 3.37 mmol, 92% yield) as white solid. 
   DIBAL-H (1.0 M in THF, 9.7 mL, 9.7 mmol) was added to a solution of the benzyl ether 
(1.00 g, 2.78 mmol) in CH2Cl2 (10 mL). The solution was stirred for 1 h at 0 °C under N2 
atmosphere. To the reaction mixture was added 1 M hydrochloric acid (20 mL). The aq 
mixture was extracted with EtOAc. The organic layer was successively washed with 1 M 
hydrochloric acid (10 mL), H2O (10 mL), and brine (10 mL). After the general drying 
procedure, the resulting residue was purified by CC (20 g of SiO2, n-hexane/EtOAc = 5/1 to 
1/1) to afford 62 (935 mg, 2.78 mmol, 100% yield) as a colorless syrup: IR 3362, 3066, 3018, 
2942, 2878, 1595, 1508, 1452, 1377, 1346, 1214, 1173, 1138, 1095, 966, 914; 1H NMR (in 
CDCl3) δ 7.48–7.32 (m, 11H), 6.63 (d, J = 1.8 Hz, 1H), 6.57 (d, J = 1.8 Hz, 1H), 5.67 (s, 1H, 
OH), 5.15 (s, 2H), 5.08 (s, 2H), 4.57 (d, J = 3.4 Hz, 2H), 1.65 (t, J = 3.4 Hz, 1H, OH); 13C 
NMR (in CDCl3) δ 151.8 (s), 149.8 (s), 137.4 (s), 137.2 (s), 136.9 (s), 134.2 (s), 128.8 (d, 2C), 
128.8 (d, 4C), 128.7 (d), 128.2 (d), 127.7 (d, 2C), 107.0 (d), 104.3 (d), 75.6 (t), 71.0 (t), 65.4 
(t); HRMS m/z calcd for C21H20O4Na [M + Na]+ 359.1259, found 359.1266. 
 
3,4-Dibenzyloxy-5-hydroxybenzaldehyde (63).  
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   To a solution of alcohol 62 (220 mg, 654 µmol) in DMF (6.5 mL) were added pyridine 
(51.7 mg, 654 µmol), activated M-sieve 3A (300 mg), and Pd(OAc)2 (14.7 mg, 65.4 µmol). 
The mixture was stirred for 18 h at 90 °C under O2 atmosphere. To the reaction mixture were 
added Et2O (5 mL) and 1 M hydrochloric acid (15 mL). This aq mixture was extracted with 
Et2O. The organic layer was washed with satd aq NaHCO3. After the general drying 
procedure, the resulting residue was purified by CC (7.0 g of SiO2, n-hexane/EtOAc = 15/1 to 
4/1) to afford aldehyde 63 (159 mg, 447 mmol, 73% yield) as white solid. 1H NMR data for 
63 was identical to that of reported data2.  
 
4,5-Dibenzyloxy-2-bromo-3-hydroxybenzaldehyde (64-Br).  
 
   DBDMH (428 mg, 1.50 µmol) was added to a solution of phenol 63 (1.00 g, 2.99 µmol) 
in CHCl3 (30 mL). The solution was stirred for 24 h at rt under N2 atmosphere. The reaction 
was quenched with 10% aq Na2S2O3. The aq mixture was extracted with Et2O. The organic 
layer was successively washed with H2O. After the general drying procedure, the crude 
product was purified by recrystallization from a mixture of EtOAc and n-hexane to afford 
64-Br (994 mg, 2.40 µmol, 80% yield) as a white solid: m.p. 114.5–115.5 °C; IR 3293, 3062, 
3028, 1679, 1661, 1571, 1497, 1478, 1454, 1396, 1375, 1340, 1233, 1210, 1132, 1103, 1027, 
954, 914, 868; 1H NMR (in CDCl3) δ 10.72 (s, 1H), 7.48–7.45 (m, 2H), 7.43–7.32 (m, 8H), 
7.27 (s, 1H), 6.15 (s, 1H, OH), 5.22 (s, 2H), 5.19 (s, 2H); 13C NMR (in CDCl3) δ 191.1 (d), 
150.7 (s), 147.6 (s), 140.1 (s), 136.3 (s), 135.9 (s), 129.1 (d), 128.9 (d, 2C), 128.9 (d, 2C), 
128.9 (s), 128.7 (d, 2C), 128.6 (d), 127.9 (d, 2C), 106.9 (s), 105.8 (d), 76.0 (t), 71.3 (t); 
HRMS m/z calcd for C21H17BrO4Na [M + Na]+ 435.0208, found 435.0201. 
 
 
4,5-Dibenzyloxy-3-hydroxy-2-iodobenzaldehyde (64-I).  
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   I2 (45.5 mg, 179 µmol) was added to a solution of phenol 63 (50.0 mg, 150 µmol) and 
pyridine (29.1 mg, 369 µmol) in CHCl3 (1.5 mL). The solution was stirred for 4 h at rt under 
N2 atmosphere. Further I2 (23.9 mg, 94.2 µmol) was added to the solution, and the mixture 
was stirred for additional 20 h. The reaction was quenched with 10% of aq Na2S2O3; it was 
added until the mixture became colorless (5 mL). The aq mixture was extracted with Et2O. 
The organic layer was successively washed with H2O, 1 M hydrochloric acid, and brine. After 
the general drying procedure, the resulting residue was purified by CC (3 g of SiO2, 
n-hexane/EtOAc = 15/1 to 7/1) to afford 64-I (65.6 mg, 143 µmol, 95% yield) as a white 
solid: m.p. 126.5–127.0 °C; IR 3499, 3061, 3028, 2857, 1688, 1581, 1497, 1478, 1463, 1454, 
1434, 1375, 1329, 1219, 1145, 1095, 1026, 1008, 946, 916, 865, 842, 813; 1H NMR (in 
CDCl3) δ 10.04 (s, 1H), 7.45 (m, 2H), 7.43(m, 9H), 6.36 (s, 1H, OH), 5.21 (s, 2H), 5.20 (s, 
2H); 13C NMR (in CDCl3) δ 195.2 (d), 151.5 (s), 149.8 (s), 139.1 (s), 136.2 (s), 135.9 (s), 
130.4 (s), 129.0 (d, 2C), 128.9 (d, 2C), 128.9 (d, 2C), 128.7 (d, 2C), 128.6 (d), 127.8 (d, 2C), 
107.0 (d), 76.0 (t), 71.3 (t); HRMS m/z calcd for C21H17IO4Na [M + Na]+ 483.0069, found 
483.0078. 
 
4,4,5-Tris(benzyloxy)-2-bromo-3-oxo-1,5-cyclohexadiene-1-carbaldehyde (45-Br).  
 
   PIFA (563 mg, 1.31 mmol) was added to a solution of o-bromophenol 64-Br (360 mg, 872 
µmol) in CH2Cl2 (2.0 mL) and BnOH (3.0 mL). The solution was stirred for 5 min at rt under 
N2 atmosphere. The reaction mixture was diluted with Et2O (30 mL), and satd aq NaHCO3 (10 
mL) was then added. The aq mixture was extracted with Et2O. The organic layer was 
successively washed with H2O. After the general drying procedure, the resulting residue was 
purified by CC (90 g of SiO2, n-hexane/toluene = 1/0 to 1/3) to afford 45-Br (390 mg, 751 µmol, 
86% yield) as a red syrup: IR 3064, 3033, 2941, 2924, 2875, 1692, 1634, 1538, 1497, 1455, 
1311, 1216, 1171, 1111, 1027, 881, 835; 1H NMR (in CDCl3) δ 10.26 (s, 1H), 7.37 (s, 5H), 
7.31–7.26 (m, 10H), 5.89 (s, 1H), 5.01 (s, 2H), 4,75 (d, J = 11.7 Hz, 2H), 4.65 (d, J = 11.7 Hz, 
2H); 13C NMR (in CDCl3) δ 191.9 (d), 190.3 (s), 161.6 (s), 141.5 (s), 137.1 (s, 2C), 134.8 (s), 
128.8 (d, 2C), 128.7 (d), 128.4 (d, 4C), 128.0 (d, 3C), 127.8 (d, 5C), 123.5 (s), 95.6 (s), 94.0 (d), 
71.3 (t), 66.5 (t, 2C); HRMS m/z calcd for C28H23BrO5Na [M + Na]+ 541.0627, found 
541.0606. 
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4,4,5-Tris(benzyloxy)-2-iodo-3-oxo-1,5-cyclohexadiene-1-carbaldehyde (45-I).  
 
   PIFA (336 mg, 782 µmol) was added to a solution of o-iodophenol 64-I (300 mg, 652 
µmol) in CH2Cl2 (1.0 mL) and BnOH (5.0 mL). The solution was stirred for 5 min at rt under 
N2 atmosphere. The reaction mixture was diluted with Et2O (20 mL), and satd aq NaHCO3 
(10 mL) was then added. The aq mixture was extracted with Et2O. The organic layer was 
washed with H2O. After the general drying procedure, the resulting residue was purified by 
CC (9.0 g of SiO2, n-hexane/EtOAc = 50/1 to 15/1) to afford 45-I (366 mg, 646 µmol, 99% 
yield) as a red syrup: IR 3087, 3064, 3030, 2931, 2868, 1691, 1631, 1524, 1497, 1455, 1374, 
1306, 1215, 1168, 1105, 1073, 1027, 910, 833; 1H NMR (in CDCl3) δ 9.96 (s, 1H), 7.36 (s, 
5H), 7.30–7.26 (m, 10H), 5.93 (s, 1H), 5.02 (s, 2H), 4,74 (d, J = 11.7 Hz, 2H), 4.63 (d, J = 
11.7 Hz, 2H); 13C NMR (in CDCl3) δ 196.0 (d), 191.3 (s), 162.4 (s), 145.3 (s), 137.1 (s, 2C), 
134.8 (s), 128.8 (d, 2C), 128.7 (d), 128.4 (d, 4C), 127.9 (d, 2C), 127.8 (d, 6C), 105.0 (s), 95.5 
(d), 95.1 (s), 71.4 (t), 66.5 (t, 2C); HRMS m/z calcd for C28H23IO5Na [M + Na]+ 589.0488, 
found 589.0481. 
 
oxa-Michael addition/ellimination 
 
Methyl 3,4-O-Benzylidene-5-O-[4,5,5-tris(benzyloxy)-2-formyl-6-oxocylohexa-1,3- 
dienyl]gallate (65)  
Table 2-1. Entry 1. 
 
   To a solution of 45-Br (53.4 mg, 103 µmol) in MeCN (1.4 mL) was added phenol 41 (36.5 mg, 
134 µmol) and K2CO3 (71.2 mg, 515 µmol). The mixture was stirred for 30 min at 60 °C under N2 
atmosphere. After being cooled to room temperature, Et2O (5 mL) and 1 M hydrochloric acid (5 mL) 
were added to the reaction mixture. The aqueous mixture was extracted with Et2O. The combined 
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organic layer was successively washed with saturated aqueous NaHCO3 and brine, dried over MgSO4, 
and concentrated. The crude product was purified by column chromatography (2.0 g of SiO2, 
n-hexane/EtOAc = 20/1 to 10/1) to afford ortho-quinone monoketal 65 (69.3 mg, 97.5 µmol, 95% 
yield): IR 3066, 3030, 2948, 2883, 1717, 1629, 1498, 1438, 1387, 1364, 1323, 1306, 1243, 1215, 
1177, 1069, 1019, 905 cm–1; 1H NMR (400 MHz in CDCl3) δ 10.39 (s, 1H), 7.54–7.51 (m, 2H), 
7.43–7.35 (m, 10H), 7.27–7.23 (m, 10H), 7.02 (s, 1H), 5.80 (s, 1H), 4.98 (s, 2H), 4.75 (d, J = 11.7 
Hz, 1H), 4.71 (d, J = 11.7 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 4.55 (d, J = 11.7 Hz, 1H), 3.72 (s, 
3H); 13C NMR (100 MHz in CDCl3) δ 191.8 (s), 189.2 (d), 165.7 (s), 158.9 (s), 149.8 (s), 146.3 (s), 
140.5 (s), 139.5 (s), 137.3 (s), 137.3 (s), 135.1 (s), 135.0 (s), 131.9 (s), 130.8 (d), 128.9 (d, 2C), 
128.8 (d, 2C), 128.5 (d), 128.4 (d, 2C), 128.3 (d, 2C), 127.8 (d), 127.7 (d, 3C), 127.6 (d, 2C), 127.6 
(d, 2C), 126.5 (d, 2C), 124.8 (s), 114.1 (d), 112.7 (d), 106.1 (d), 95.4 (s), 90.6 (d), 71.0 (t), 66.3 (t), 
66.2 (t), 52.3 (q); ESI-HRMS m/z calcd for C43H34O10Na [M + Na]+ 733.2050, found 733.2063. 
 
Table 2-1. Entry 3. 
   Following the procedure described for Entry 1, use of 45-I (43.0 mg, 75.9 µmol), phenol 
41 (26.9 mg, 98.7 µmol), K2CO3 (40.9 mg, 29.6 µmol) and MeCN (1.0 mL) provided crude 
products containing ortho-quinone monoketal 65 (48.1 mg, 67.6 µmol, 89% yield) 
 
Table 2-1. Entry 5. 
   Following the procedure described for Entry 1, use of 45-Br (68.5 mg, 132 µmol), phenol 
41 (35.9 mg, 132 µmol), K2CO3 (54.7 mg, 396 µmol) and MeCN (1.7 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 68% 
 
Table 2-1. Entry 6. 
   Following the procedure described for Entry 1, use of 45-Br (72.6 mg, 140 µmol), phenol 
41 (381 mg, 14.0 µmol), K2CO3 (19.4 mg, 140 µmol) and MeCN (1.8 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 68%. 
 
Table 2-1. Entry 7. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and DMSO (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 98%. 
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Table 2-1. Entry 8. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and DMF (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 87%. 
 
Table 2-1. Entry 9. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and THF (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 0%. 
 
Table 2-1. Entry 10. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and CH2Cl2 (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 0%. 
 
Table 2-1. Entry 11. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and toluene (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 98%. 
 
Table 2-1. Entry 12. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and EtOH (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 26%. 
 
Table 2-1. Entry 13. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and MeNO2 (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 0%. 
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Table 2-1. Entry 14. 
   Following the procedure described for Entry 1, use of 45-Br (10.0 mg, 19.3 µmol), phenol 
41 (6.8 mg, 25.3 µmol), K2CO3 (10.4 mg, 75.3 µmol) and pyridine (0.5 mL) provided crude 
products containing ortho-quinone monoketal 65. The yield of 65 was determined on the basis of 
the 1H NMR spectra of the crude product to be 59%. 
 
Methyl 3,4-Di-O-benzyl-5-O-[4,5,5-tris(benzyloxy)-2-formyl-6-oxocylohexa-1,3- 
dienyl]gallate (66) 
Table 2-1. Entry 2. 
 
   Following the procedure described for Entry 1, use of 45-Br (20.3 mg, 39.1 µmol), phenol 
11 (18.9 mg, 50.8 µmol), and K2CO3 (27.0 mg, 195 µmol) provided ortho-quinone monoketal 
64 (18.9 mg, 23.5 µmol, 60% yield) as a red syrup. The reaction time was 50 min. Data for 
66: IR 3064, 3031, 2949, 2882, 1719, 1684, 1641, 1590, 1498, 1455, 1425, 1386, 1326, 1214, 
1179, 1072, 1027, 1004, 914, 753; 1H NMR (in CDCl3) δ 10.07 (s, 1H), 7.53 (d, J = 1.8 Hz, 
1H), 7.44–7.34 (m, 11H), 7.33 (d, J = 1.8 Hz, 1H), 7.29–7.17 (m, 14H), 5.76 (s, 1H), 5.15 (s, 
2H), 5.14 (s, 2H), 5.00 (s, 2H), 4.71 (d, J = 11.7 Hz, 2H), 4.55 (d, J = 11.7 Hz, 2H), 3.70 (s, 
3H); 13C NMR (in CDCl3) δ 191.7 (s), 189.4 (d), 166.0 (s), 158.1 (s), 153.0 (s), 150.3 (s), 
146.9 (s), 141.9 (s), 137.4 (s, 2C), 136.8 (s), 136.2 (s), 135.3 (s), 130.4 (s), 128.9 (d, 2C), 
128.8 (d, 4C), 128.5 (d), 128.4 (d, 2C), 128.4 (d, 2C), 128.3 (d, 5C), 127.8 (d, 2C), 127.7 (d, 
7C), 125.6 (s), 111.6 (d), 110.8 (d), 95.4 (s), 90.7 (d), 75.7 (t), 71.4 (t), 70.8 (t), 66.1 (t, 2C), 
52.3 (q); HRMS m/z calcd for C50H42O10Na [M + Na]+ 825.2676, found 825.2683. 
 
Table 2-1. Entry 4. 
   Following the procedure described for Entry 2, use of 45-I (10.0 mg, 17.7 µmol), phenol 
64 (8.4 mg, 22.9 µmol) and K2CO3 (12.3 mg, 89.3 µmol) provided crude products containing 
ortho-quinone monoketal 66. The yield of 66 was determined on the basis of the 1H NMR spectra of 
the crude product to be 98%. 
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Reductive aromatization step 
Methyl 3,4-O-Benzylidene-5-O-[2-hydroxy-3,4-bis (benzyloxy)-6-  
formylphenyl]gallate (67). 
Table 2-2 Entry 1. 
 
   NaBH4 (1.5 mg, 40 µmol) was added to a mixture of ortho-quinone monoketal 65 (23.4 
mg, 32.9 µmol) and CeCl3·7H2O (36.8 mg, 98.7 µmol) in MeOH (1.0 mL). The solution was 
stirred for 5 min at 0 °C under N2 atmosphere. The reaction was monitored by TLC 
(n-hexane/EtOAc = 2/1) and LRMS, but phenol 67 was not obtained. 
 
Table 2-2 Entry 2. 
 
   Et3SiH (5.7 mg, 50 µmol) was added to a solution of ortho-quinone monoketal 65 (23.6 
mg, 33.2 µmol) and trifluoroacetic acid (0.4 mg, 3 µmol) in CH2Cl2 (1.0 mL). The solution 
was stirred for 18 h at room temperature under N2 atmosphere. The reaction was monitored 
by TLC (nhexane/AcOEt = 2/1) and LRMS-ESI, but phenol 67 was not obtained. 
 
Table 2-2. Entry 3. 
 
   AIBN (1.1 mg, 6.7 µmol) was added to a solution of ortho-quinone monoketal 19 (15.0 
mg, 21.1 µmol) and nBu3SnH (12.3 mg, 42.2 µmol) in toluene (0.5 mL). The solution was 
stirred for 1 h at 100 °C under N2 atmosphere. After being cooled to RT, to the reaction 
mixture was added Et2O (2.0 mL) and satd aq NaHCO3 (2 mL). The aq mixture was 
extracted with Et2O. The organic layer was washed with H2O. After the general drying 
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procedure, the resulting residue was purified by CC (1.0 g of SiO2, n-hexane/EtOAc = 10/1 
to 3/1) to afford 20 (6.5 mg, 11 µmol, 51% yield) as a yellow syrup. 
 
 
Table 2-2 Entry 4 
 
   Pd(PPh3)4 (7.8 mg, 6.8 µmol) was added to a solution of ortho-quinone monoketal 65 
(48.0 mg, 67.5 µmol) and Et3SiH (15.7 mg, 135 µmol) in toluene (1.0 mL). The solution 
was stirred for 3 h at 80 °C under N2 atmosphere. The production of phenol 67 and silylated 
21 was observed by monitoring TLC (n-hexane/EtOAc = 2/1) and LRMS. After being 
cooled to RT, the reaction mixture was added TBAF (1.0 mol/L in THF, 0.10 mL, 100 
µmol) and stirred for 10 min. After addition of Et2O (3.0 mL) and H2O (3.0 mL), the aq 
mixture was extracted with Et2O. The organic layer was washed brine. After the general 
drying procedure, the crude product was purified by CC (8.0 g of SiO2, n-hexane/EtOAc = 
20/1 to 3/1) to afford 20 (27.2 mg, 45.0 µmol, 69% yield) as a colorless syrup. 
 
 
Table 2-2 Entry 5. 
 
   Pd(PPh3)4 (4.8 mg, 4.2 µmol) was added to a solution of ortho-quinone monoketal 65 
(59.6 mg, 83.9 µmol) and Et3SiH (19.5 mg, 168 µmol) in DMF (1.0 mL). The solution was 
stirred for 15 min at 80 °C under N2 atmosphere. After being cooled to room temperature, 
Et2O (5 mL) and 1 M hydrochloric acid (5 mL) were added to the mixture. The aqueous 
mixture was extracted with Et2O. The combined organic layer was successively washed with 
saturated aqueous NaHCO3 and brine, dried over MgSO4, and concentrated. The crude 
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product was purified by column chromatography (1.0 g of SiO2, n-hexane/EtOAc = 20/1 to 
5/1) to afford 67 (48.8 mg, 80.7 µmol, 96%) as a pale yellow syrup: IR 3385, 3066, 3033, 
2952, 2888, 1716, 1684, 1632, 1590, 1499, 1454, 1438, 1349, 1307, 1248, 1216, 1196, 1177, 
1131, 1084, 1017, 911 cm–1; 1H NMR (400 MHz in CDCl3) δ 10.22 (s, 1H), 7.58–7.54 (m, 
2H), 7.50–7.35 (m, 9H), 7.32–7.30 (m, 5H), 7.28 (d, J = 1.4 Hz, 1H), 7.18 (s, 1H), 7.11 (s, 
1H), 7.07 (d, J = 1.4 Hz, 1H), 5.20 (d, J = 3.0 Hz, 1H), 5.20 (d, J = 3.0 Hz, 1H), 5.18 (s, 2H), 
3.82 (s, 3H); 13C NMR (100 MHz in CDCl3) δ 188.0 (d), 166.1 (s), 149.5 (s), 149.4 (s), 142.9 
(s), 141.6 (s), 141.3 (s), 139.9 (s), 139.7 (s), 136.4 (s), 136.1 (s), 135.3 (s), 130.7 (d), 129.0 
(d), 128.9 (d, 2C), 128.9 (d, 4C), 128.7 (d, 2C), 128.5 (d), 127.9 (d, 2C), 126.4 (d, 2C), 124.7 
(s), 124.5 (s), 112.8 (d), 112.3 (d), 105.1 (d), 102.3 (d), 75.9 (t), 71.3 (t), 52.3 (q); ESI-HRMS 
m/z calcd for C36H28O9Na [M + Na]+ 627.1631, found 627.1642. 
 
 
Methyl 3,4-O-Dibenzyl-5-O-[2-hydroxy-3,4-bis (benzyl-oxy)-6-formylphenyl]gallate (69).  
 
   Following the procedure described in Entry 3, use of 66 (52.0 mg, 64.8 µmol), Et3SiH 
(15.1 mg, 130 µmol), and Pd(PPh3)4 (0.7 mg, 0.6 µmol) provided 21 (42.8 mg, 61.4 µmol, 
95% yield) as a colorless syrup after the purification by CC (1.0 g of SiO2, n-hexane/EtOAc = 
10/1 to 5/1). Data for 69: IR 3393, 3064, 3031, 2949, 2876, 1717, 1686, 1594, 1499, 1454, 
1425, 1376, 1334, 1216, 1131, 1089, 1006, 911; 1H NMR (in CDCl3) δ 10.00 (s, 1H), 7.50–
7.34 (m, 14H), 7.29–7.26 (m, 7H), 7.18 (s, 1H), 6.92 (d, J = 1.8 Hz, 1H), 5.70 (s, 1H, OH), 
5.23 (s, 2H), 5.21 (s, 2H), 5.18 (s, 2H), 5.14 (s, 2H), 3.81 (s, 3H); 13C NMR (in CDCl3) δ 
188.2 (d), 166.2 (s), 152.9 (s), 152.4 (s), 149.4 (s), 142.8 (s), 141.5 (s), 140.0 (s), 137.2 (s), 
136.5 (s), 136.4 (s), 136.2 (s), 128.8 (s), 128.8 (d, 5C), 128.8 (d, 2C), 128.7 (d, 2C), 128.7 (d, 
2C), 128.5 (d), 128.4 (d, 2C), 128.3 (d, 2C), 127.9 (d, 2C), 127.8 (d, 2C), 125.5 (s), 124.9 (s), 
109.9 (d), 109.9 (d), 102.3 (d), 75.8 (t), 75.4 (t), 71.4 (t), 71.3 (t), 52.4 (q); HRMS m/z calcd 
for C43H36O9Na [M + Na]+ 719.2257, found 719.2253. 
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(2S,3S)-1,4-Dibenzyloxy-2,3-butandiyl (S)-5,5′-Bis(benzyloxy)-4,4′,6,6′-tetraacetoxy-1,1′-  
biphenyl-2,2′-dicarboxylate (71).  
 
   A mixture of 703 (802 mg, 1.02 mmol) in pyridine (3.0 mL) and Ac2O (3.0 mL) was stirred 
for 3 h at rt. The reaction mixture was diluted with Et2O (10 mL) and 1 M hydrochloric acid (10 
mL). The aq mixture was extracted with Et2O. The organic layer was successively washed with 
1 M hydrochloric acid and satd aq NaHCO3. After the general drying procedure, the resulting 
residue was purified by CC (30 g of SiO2, n-hexane/EtOAc = 5/1 to 2/1) to afford 71 (908 mg, 
952 µmol, 93% yield) as a pale yellow syrup: [α]D23 +12° (c = 0.70 in CHCl3); IR 3087, 3063, 
3030, 2936, 2869, 1775, 1753, 1605, 1566, 1496, 1481, 1454, 1426, 1368, 1332, 1314, 1178, 
1142, 1048, 1013, 965, 904, 865; 1H NMR (in CDCl3) δ 7.39–7.28 (m, 20H), 7.22 (s, 2H), 5.48 
(br s, 2H), 5.13 (d, J = 11.4 Hz, 2H), 4.94 (d, J = 11.4 Hz, 2H), 4.59 (d, J = 12.2 Hz, 2H), 4.45 
(d, J = 12.2 Hz, 2H), 3.70 (br s, 4H), 2.19 (s, 6H), 1.97 (s, 6H); 13C NMR (in CDCl3) δ 168.2 (s, 
2C), 167.4 (s, 2C), 166.2 (s, 2C), 145.4 (s, 2C), 144.2 (s, 2C), 143.6 (s, 2C), 137.7 (s, 2C), 136.9 
(s, 2C), 130.3 (s, 2C), 128.7 (d, 4C), 128.6 (d, 4C), 128.4 (d, 2C), 128.0 (d, 4C), 127.7 (d, 4C), 
123.9 (s, 2C), 119.7 (d, 4C), 76.0 (d, 2C), 75.7 (t, 2C), 73.3 (t, 2C), 67.7 (t, 2C), 20.9 (q, 2C), 
20.5 (q, 2C); HRMS m/z calcd for C54H48NaO16 [M + Na]+ 975.2840, found 975.2814. 
 
 
(2S,3S)-1,4-Dibenzyloxy-2,3-butandiyl (S)-5,5′-Bis(benzyloxy)-4,4′-dihydroxy-6,6′-  
diacetoxy-1,1′-biphenyl-2,2′-dicarboxylate (72). 
 
   A mixture of 71 (257 mg, 270 µmol) and Na2CO3 (74.6 mg, 704 µmol) in MeOH 
(3.0 mL) was stirred for 1 h at rt. The mixture was diluted with Et2O (5.0 mL) and 1 M 
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hydrochloric acid (5.0 mL). The aq mixture was extracted with Et2O. The organic layer 
was successively washed with 1 M hydrochloric acid and satd aq NaHCO3. After the 
general drying procedure, the resulting residue was purified by CC (8.0 g of SiO2, 
n-hexane/EtOAc = 2.5/1 to 2/1) to afford 72 (213 mg, 245 µmol, 91% yield) as a 
colorless syrup: [α]D26 +75° (c = 0.11 in CHCl3); IR 3389, 3094, 3068, 3032, 2944, 2869, 
1753, 1604, 1496, 1454, 1420, 1364, 1187, 1053, 970, 917, 877, 799, 753; 1H NMR (in 
CDCl3) δ 7.43–7.33 (m, 14H), 7.32–7.28 (m, 6H), 6.98 (s, 2H), 5.63 (s, 2H, OH), 5.46 
(br s, 2H), 5.07 (d, J = 11.2 Hz, 2H), 4.95 (d, J = 11.2 Hz, 2H), 4.58 (d, J = 12.3 Hz, 2H), 
4.47 (d, J = 12.3 Hz, 2H), 3.70 (br s, 4H), 2.06 (s, 6H); 13C NMR (in CDCl3) δ 167.3 (s, 
2C), 166.9 (s, 2C), 149.9 (s, 2C), 142.6 (s, 2C), 140.1 (s, 2C), 137.7 (s, 2C), 136.3 (s, 
2C), 131.5 (s, 2C), 129.1–128.0 (overlapping 20 doublets, 6 peaks were observed), 118.3 
(s, 2C), 112.4 (d, 2C), 76.2 (t, 2C), 75.9 (d, 2C), 73.4 (t, 2C), 67.7 (t, 2C), 20.6 (q, 2C); 
HRMS m/z calcd for C50H44O14Na [M + Na]+ 891.2629, found 891.2605.  
 
 
(2S,3S)-1,4-Dibenzyloxy-2,3-butandiyl (S)-5,5′-Bis(benzyloxy)-4,4′-bis(methoxymethoxy)-  
6,6′-diacetoxy-1,1′-biphenyl-2,2′-dicarboxylate (73).  
 
   A mixture of phenol 72 (860 mg, 989 µmol), iPr2NEt (2.0 mL), and MOMCl (239 mg, 
2.97 mmol) in DMF (10 mL) was stirred for 11 h at rt under N2 atmosphere. After addition of 
Et2O (10 mL) and 1 M hydrochloric acid (10 mL), the aq mixture was extracted with Et2O. 
The organic layer was successively washed with satd aq NaHCO3 and brine. After the general 
drying procedure, the crude product was purified by CC (30 g of SiO2, n-hexane/EtOAc = 
10/1 to 2/1) to afford 73 (663 mg, 692 µmol, 70% yield) as a colorless syrup: [α]D23 +2.8° (c 
= 0.55 in CHCl3); IR 3063, 3030, 2911, 1773, 1752, 1601, 1569, 1486, 1454, 1428, 1397, 
1366, 1332, 1318, 1248, 1176, 1154, 1099, 1045, 1007, 972, 919, 879; 1H NMR (in CDCl3) δ 
7.42–7.28 (m, 20H), 7.23 (s, 2H), 5.49 (s, 2H), 5.29 (d, J = 6.4 Hz, 2H), 5.22 (d, J = 6.4 Hz, 
2H), 5.22 (d, J = 10.8 Hz, 2H), 4.99 (d, J = 10.8 Hz, 2H), 4.61 (d, J = 12.0 Hz, 2H), 4.50 (d, J 
= 12.0 Hz, 2H), 3.78–3.71 (m, 4H), 3.51 (s, 6H), 1.94 (s, 6H); 13C NMR (in CDCl3) δ 167.9 (s, 
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2C), 167.2 (s, 2C), 151.0 (s, 2C), 143.5 (s, 2C), 142.8 (s, 2C), 137.9 (s, 2C), 137.7 (s, 2C), 
130.6 (s, 2C), 128.7 (d, 4C), 128.6 (d, 4C), 128.2 (d, 2C), 128.1 (d, 4C), 128.1 (d, 2C), 128.0 
(d, 4C), 120.0 (s, 2C), 112.2 (d, 2C), 95.6 (t, 2C), 76.2 (d, 2C), 75.1 (t, 2C), 73.6 (t, 2C), 67.9 
(t, 2C), 56.8 (q, 2C), 20.7 (q, 2C); HRMS m/z calcd for C54H52O16Na [M + Na]+ 979.3153, 
found 979.3155. 
 
 
(2S,3S)-1,4-Dibenzyloxy-2,3-butandiyl (S)-5,5′-Bis(benzyloxy)-4,4′-bis(methoxymethoxy)- 
6,6′-dihydroxy-1,1′-biphenyl-2,2′-dicarboxylate (73).  
 
   A mixture of diacetate 73 (662 mg, 692 µmol) and N2H4·H2O (88.7 mg, 2.77 mmol) in MeCN 
(3.5 mL) was stirred for 20 min at rt. After addition of Et2O (10 mL) and 1 M hydrochloric acid (10 
mL), the aq mixture was extracted with Et2O. The organic layer was successively washed with satd 
aq NaHCO3 and brine. After the general drying procedure, the crude product was purified by CC 
(20 g of SiO2, n-hexane/EtOAc = 5/1 to 2/1) to afford 74 (526 mg, 603 µmol, 87% yield) as a white 
amorphous solid: m.p. 55.2–57.0 °C; [α]D23 +11° (c = 0.11 in CHCl3); IR 3477, 3060, 3029, 2934, 
1748, 1605, 1577, 1495, 1454, 1438, 1328, 1233, 1211, 1183, 1154, 1129, 1101, 1079, 1049, 978, 
918; 1H NMR (in CDCl3) δ 7.44–7.28 (m, 20H), 6.88 (s, 2H), 5.92 (s, 2H, OH), 5.48 (br s, 2H), 
5.29 (d, J = 6.8 Hz, 2H), 5.21 (d, J = 11.2 Hz, 2H), 5.20 (d, J = 6.8 Hz, 2H), 5.06 (d, J = 11.2 Hz, 
2H), 4.63 (d, J = 12.4 Hz, 2H), 4.50 (d, J = 12.4 Hz, 2H), 3.78–3.71 (m, 4H), 3.50 (s, 6H); 13C 
NMR (in CDCl3) δ 168.0 (s, 2C), 149.6 (s, 2C), 148.3 (s, 2C), 137.8 (s, 2C), 137.2 (s, 2C), 137.0 (s, 
2C), 130.5 (s, 2C), 128.8 (d, 4C), 128.6 (d, 6C), 128.6 (d, 4C), 128.0 (d, 6C), 113.8 (s, 2C), 106.1 (d, 
2C), 95.3 (t, 2C), 75.8 (t, 2C), 75.7 (d, 2C), 73.5 (t, 2C), 67.8 (t, 2C), 56.6 (q, 2C); HRMS m/z calcd 
for C50H48O14Na [M + Na]+ 895.2942, found 895.2956. 
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(2S,3S)-1,4-Dibenzyloxy-2,3-butandiyl (S)-5,5′,6,6′-Tetrakis(benzyloxy)-4,4′- 
bis(methoxymethoxy)-1,1′-biphenyl-2,2′-dicarboxylate (75).  
 
   A mixture of phenol 74 (526 mg, 603 µmol), K2CO3 (833 mg, 6.03 mmol), and BnBr 
(413 mg, 2.41 mmol) in DMF (6.0 mL) was stirred for 5 h at rt under N2 atmosphere. The 
reaction was quenched with 1 M hydrochloric acid (10 mL). The aq mixture was extracted 
with Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. 
After the general drying procedure, the resulting residue was purified by CC (15 g of SiO2, 
n-hexane/EtOAc = 5/1 to 3/1) to afford 75 (616 mg, 584 µmol, 97% yield) as a colorless 
syrup: [α]D23 –6.6° (c = 1.21 in CHCl3); IR 3066, 3029, 2946, 2906, 2877, 1750, 1591, 
1571, 1497, 1480, 1454, 1428, 1367, 1336, 1240, 1212, 1187, 1156, 1103, 1055, 1028, 
1000, 959; 1H NMR (in CDCl3) δ 7.38–7.27 (m, 20H), 7.14–7.11 (m, 6H), 7.08 (s, 2H), 
6.99–6.96 (m, 4H), 5.48 (br s, 2H), 5.27 (d, J = 6.8 Hz, 2H), 5.17 (d, J = 6.8 Hz, 2H), 4.98 
(d, J = 11.2 Hz, 2H), 4.92 (d, J = 10.8 Hz, 2H), 4.77 (d, J = 11.2 Hz, 2H), 4.63 (d, J = 12.4 
Hz, 2H), 4.60 (d, J = 10.8 Hz, 2H), 4.50 (d, J = 12.4 Hz, 2H), 3.74 (br s, 4H), 3.50 (s, 6H); 
13C NMR (in CDCl3) δ 167.9 (s, 2C), 152.5 (s, 2C), 151.1 (s, 2C), 144.3 (s, 2C), 137.6 (s, 
6C), 129.9 (s, 2C), 128.5 (d, 4C), 128.3 (d, 4C), 128.2 (d, 8C), 128.0 (d, 4C), 127.9 (d, 
8C), 127.5 (d, 2C), 122.2 (s, 2C), 109.6 (d, 2C), 95.5 (t, 2C), 75.6 (t, 2C), 75.5 (t, 2C), 
75.5 (d, 2C), 73.3 (t, 2C), 67.6 (t, 2C), 56.4 (q, 2C); HRMS m/z calcd for C64H60O14Na [M 
+ Na]+ 1075.3881, found 1075.3895. 
 
 
Dimethyl (S)-5,5′,6,6′-Tetrakis(benzyloxy)-4,4′-bis(methoxymethoxy)-1,1′-biphenyl-2,2′- 
dicarboxylate (76). 
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   A mixture of 75 (580 mg, 551 µmol) and NaOMe (149 mg, 2.75 mmol) in MeOH and 
THF (v/v = 1/1, 6.0 mL) was stirred for 18 h at reflux under N2 atmosphere. After 
addition of Et2O (10 mL), the reaction was quenched with 1 M hydrochloric acid (20 
mL). The aq mixture was extracted with Et2O. The organic layer was successively 
washed with satd aq NaHCO3 and brine. After the general drying procedure, the crude 
product was purified by CC (15 g of SiO2, n-hexane/EtOAc = 10/1 to 3/1) to afford 
methyl ester 76 (396 mg, 486 µmol, 88% yield) as a colorless syrup: [α]D23 +28.4° (c = 
0.395 in CHCl3); IR 3067, 3030, 2951, 2903, 2828, 1726, 1591, 1571, 1479, 1453, 1432, 
1368, 1323, 1236, 1199, 1103, 1058, 1020, 977, 943; 1H NMR (in CDCl3) δ 7.64 (s, 2H), 
7.39–7.35 (m, 4H), 7.30–7.26 (m, 4H), 7.25 (s, 2H), 7.16–7.11 (m, 6H), 6.86–6.84 (m, 
4H), 5.29 (d, J = 6.4 Hz, 2H), 5.22 (d, J = 6,4 Hz, 2H), 4.97 (s, 4H), 4.87 (d, J = 10.8 Hz, 
2H), 4.74 (d, J = 10.8 Hz, 2H), 3.60 (s, 6H), 3.55 (s, 6H); 13C NMR (in CDCl3) δ 166.7 
(s, 2C), 151.0 (s, 2C), 150.2 (s, 2C), 146.0 (s, 2C), 137.9 (s, 2C), 137.4 (s, 2C), 128.5 (s, 
2C), 128.5 (d, 4C), 128.4 (d, 4C), 128.1 (d, 2C), 128.1 (d, 4C), 127.6 (d, 4C), 127.5 (d, 
2C), 125.8 (s, 2C), 113.9 (d, 2C), 95.7 (t, 2C), 75.5 (t, 2C), 74.6 (t, 2C), 56.6 (q, 2C), 
52.0 (q, 2C); HRMS m/z calcd for C48H46O12Na [M + Na]+ 837.2887, found 837.2884. 
 
 
Dimethyl (S)-5,5′,6,6′-Tetrakis(benzyloxy)-4,4′-hydroxy-1,1′-biphenyl-2,2′-dicarboxylate (76a). 
 
   To a solution of 76 (413 mg, 507 µmol) in THF (5.0 mL) were added a mixture of 
iPrOH and conc. hydrochloric acid (v/v = 50/1, 2.0 mL). The mixture was stirred for 24 h 
at 60 °C. After addition of Et2O (10 mL) and satd aq NaHCO3 (10 mL), the aq mixture 
was extracted with Et2O. The organic layer was successively washed with H2O and brine. 
After the general drying procedure, phenol 76a (367 mg, 504 µmol, 100% yield) was 
obtained as a colorless syrup: [α]D23 +33.2° (c = 0.770 in CHCl3); IR 3364, 3030, 2951, 
2877, 1698, 1592, 1576, 1496, 1454, 1434, 1370, 1334, 1302, 1201, 1063, 1014, 970; 1H 
NMR (in CDCl3) δ 7.43 (s, 2H), 7.35–7.31 (m, 6H), 7.28–7.25 (m, 4H), 7.22–7.20 (m, 6H), 
6.98–6.95 (m, 4H), 5.66 (s, 2H, OH), 5.10 (d, J = 11.2 Hz, 2H), 4.90 (d, J = 11.2 Hz, 2H), 
4.82 (d, J = 11.2 Hz, 2H), 4.74 (d, J = 11.2 Hz, 2H), 3.63 (s, 6H); 13C NMR (in CDCl3) 
δ 166.9 (s, 2C), 149.8 (s, 2C), 148.9 (s, 2C), 142.4 (s, 2C), 137.5 (s, 2C), 136.7 (s, 2C), 
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128.9 (d, 4C), 128.8 (d, 2C), 128.7 (d, 4C), 128.4 (d, 4C), 127.8 (d, 2C), 127.7 (d, 4C), 
126.7 (s, 2C), 125.9 (s, 2C), 112.9 (d, 2C), 75.8 (t, 2C), 74.4 (t, 2C), 52.1 (q, 2C); HRMS 
m/z calcd for C44H38O10Na [M + Na]+ 749.2363, found 749.2335. 
 
 
Dimethyl (S)-4,5,5′,6,6′-Pentakis(benzyloxy)-4′-hydroxy-1,1′-biphenyl-2,2′-dicarboxylate (77). 
 
   A mixture of phenol 76a (369 mg, 508 µmol), NaH (60% in mineral oil 40.6 mg, 
24.3 mg as NaH, 1.02 mmol), and BnBr (86.9 mg, 508 µmol) in DMF (5.0 mL) was 
stirred for 12 h at rt under N2 atmosphere. The reaction was quenched with 1 M 
hydrochloric acid (3.0 mL). The aq mixture was extracted with Et2O. The organic layer 
was successively washed with satd aq NaHCO3 and brine. After the general drying 
procedure, the resulting residue was purified by CC (25.0 g of SiO2, n-hexane/EtOAc = 
10/1 to 3/1) to afford 77 (191 mg, 234 µmol, 46% yield) as a pale yellow syrup: [α]D21 
+22.0° (c = 1.00 in CHCl3); IR 3520, 3396, 3088, 3064, 3031, 2948, 2875, 1725, 1591, 
1497, 1478, 1455, 1432, 1415, 1367, 1330, 1275, 1200, 1108, 1074, 1049, 1026, 1002, 
910; 1H NMR (in CDCl3) δ 7.51–7.49 (m, 4H), 7.44–7.31 (m, 11H), 7.27–7.23 (m, 8H), 
7.19–7.13 (m, 4H), 5.62 (s, 1H, OH), 5.22 (d, J = 11.6 Hz, 1H), 5.18 (d, J = 11.6 Hz, 1H), 
5,05 (d, J = 11.2 Hz, 1H), 5.01 (s, 2H), 4.94 (d, J = 11.2 Hz, 1H), 4.85 (d, J = 11.2 Hz, 
1H), 4.78 (d, J = 11.2 Hz, 1H), 4.78 (d, J = 11.2 Hz, 1H), 4.70 (d, J = 11.2 Hz, 1H), 3.62 
(s, 3H), 3.59 (s, 3H); 13C NMR (in CDCl3) δ 167.0 (s), 166.8 (s), 151.8 (s), 151.3 (s), 
149.7 (s), 148.8 (s), 145.6 (s), 142.4 (s), 137.9 (s), 137.5 (s), 137.4 (s), 136.7 (s), 136.7 
(s), 128.8–127.5 (overlapping 25 doublets, 13 peaks were observed), 127.3 (s), 126.4 (s), 
126.3 (s), 125.8 (s), 112.8 (d), 111.1 (d), 75.6 (t), 75.5 (t), 74.6 (t), 74.4 (t), 71.2 (t), 52.0 
(q), 52.0 (q); HRMS m/z calcd for C51H44O10Na [M + Na]+ 839.2832, found 839.2837. 
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Dimethyl (S)-4,5,5′,6,6′-Pentakis(benzyloxy)-4′-O-[4,5,5-tris(benzyloxy)-2-formyl-6- 
oxocyclohexa-1,3-denyl]-1,1′-biphenyl-2,2′-dicarboxylate (78). 
 
   K2CO3 (72.6 mg, 525 µmol) was added to a solution of ortho-quinone monoketal 45-Br 
(81.6 mg, 157 µmol) and phenol 77 (85.6 mg, 105 µmol) in MeCN (1.0 mL). The solution 
was stirred for 2 h at 60 °C under N2 atmosphere. After addition of Et2O (5.0 mL), the 
reaction was quenched with 1 M hydrochloric acid (5.0 mL). The aq mixture was extracted 
with Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. After 
the general drying procedure, the crude product was purified by CC (8.0 g of SiO2, 
n-hexane/EtOAc = 10/1 to 3/1) to afford 78 (121 mg, 96.4 µmol, 92% yield) as a red syrup: 
[α]D23 +14.4° (c = 1.56 in CHCl3); IR 3066, 3019, 2941, 1725, 1684, 1641, 1590, 1497, 1478, 
1454, 1433, 1410, 1368, 1321, 1180, 1105, 1067, 1027, 976, 908; 1H NMR (in CDCl3) δ 
10.17 (s, 1H), 7.56 (s, 1H), 7.51–7.48 (m, 3H), 7.45–7.33 (m, 11H), 7.29–7.07 (m, 23H), 
6.97–6.95 (m, 2H), 6.80 (m, 2H), 5.81 (s, 1H), 5.22 (d, J = 11.6 Hz, 1H), 5.17 (d, J = 11.6 Hz, 
1H), 5.10 (s, 2H), 5.03 (s, 2H), 4.98–4.93 (m, 3H), 4.88 (d, J = 11.2 Hz, 1H), 4.78–4.70 (m, 
4H), 4.62 (d, J = 11.6 Hz, 1H), 4.51 (d, J = 12.0 Hz, 1H), 3.60 (s, 3H), 3.34 (s, 3H); 13C NMR 
(in CDCl3) δ 191.7 (s), 189.5 (d), 166.8 (s), 165.9 (s), 158.2 (s), 152.0 (s), 151.5 (s), 150.8 (s), 
149.6 (s), 146.9 (s), 145.7 (s), 145.3 (s), 137.6 (s), 137.5 (s, 2C), 137.4 (s, 2C), 136.7 (s), 
136.7 (s), 135.3 (s), 130.9 (s), 130.7 (s), 128.8–127.4 (overlapping 40 doublets, 19 peaks were 
observed), 127.1 (s), 125.9 (s), 125.4 (s), 114.1 (d), 111.2 (d), 95.5 (s), 90.8 (d), 75.9 (t), 75.5 
(t), 74.7 (t), 74.6 (t), 71.2 (t), 70.9 (t), 66.3 (t), 66.1 (t), 52.0 (q), 51.9 (q); HRMS m/z calcd for 
C79H66O15Na [M + Na]+ 1277.4299, found 1277.4303. 
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Dimethyl (S)-4,5,5′,6,6′-Pentakis(benzyloxy)-4′-O-[2-hydroxy-3,4-bis(benzyloxy)-6- 
formylphenyl]-1,1′-biphenyl-2,2′-dicarboxylate (79). 
 
   Pd(PPh3)4 (22.4 mg, 19.4 µmol) was added to a solution of ortho-quinone monoketal 
78 (244 mg, 194 µmol) and Et3SiH (33.8 mg, 291 µmol) in DMF (2.0 mL). The solution 
was stirred for 10 min at 80 °C under N2 atmosphere. After addition of Et2O (3.0 mL), 
the reaction was quenched with H2O (3.0 mL). The aq mixture was extracted with Et2O. 
The organic layer was successively washed with satd aq NaHCO3 and brine. After the 
general drying procedure, the crude product was purified by CC (8.0 g of SiO2, 
n-hexane/EtOAc = 10/1 to 3/1) to afford 79 (168 mg, 146 µmol, 75% yield) as a 
colorless syrup: [α]D23 –0.22° (c = 2.17 in CHCl3); IR 3500, 3371, 3064, 3030, 2948, 
2875, 1725, 1686, 1592, 1494, 1475, 1454, 1432, 1409, 1366, 1321, 1272, 1235, 1213, 
1198, 1072, 1026, 910; 1H NMR (in CDCl3) δ 10.13 (s, 1H), 7.54 (s, 1H), 7.52–7.19 (m, 
5H), 7.45–7.21 (m, 18H), 7.17–7.10 (m, 8H), 7.06 (s, 1H), 6.89–6.87 (m, 5H), 5.72 (bs, 
1H, OH), 5.23–5.19 (m, 6H), 5.13 (s, 2H), 5.01 (d, J = 10.8 Hz, 1H), 4.97 (d, J = 10.8 Hz, 
1H), 4.91 (d, J = 10.8 Hz, 1H), 4.91 (d, J = 10.8 Hz, 1H), 4.78 (d, J = 10.8 Hz, 1H), 4.73 
(d, J = 10.8 Hz, 1H), 3.56 (s, 3H), 3.49 (s, 3H); 13C NMR (in CDCl3) δ 188.3 (d), 166.9 
(s), 166.5 (s), 151.9 (s), 151.4 (s), 151.3 (s), 150.9 (s), 149.4 (s), 145.7 (s), 144.9 (s), 
142.8 (s), 141.6 (s), 140.0 (s), 137.7 (s), 137.7 (s), 137.4 (s), 137.2 (s), 136.7 (s), 136.5 
(s), 136.2 (s), 129.2 (s), 128.9–127.6 (overlapping 35 doublets, 17 peaks were observed), 
127.3 (s), 125.9 (s), 125.6 (s), 125.0 (s), 112.4 (d), 111.2 (d), 102.3 (d), 75.9 (t), 75.6 (t), 
75.5 (t), 74.7 (t), 74.6 (t), 71.3 (t), 71.2 (t), 52.0 (q), 52.0 (q); HRMS m/z calcd for 
C72H60O14Na [M + Na]+ 1171.3881, found 1171.3896. 
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Dimethyl (S)-4,5,5′,6,6′-Pentakis(benzyloxy)-4′-O-[2,3,4-tris(benzyloxy)-6- 
formylphenyl]-1,1′-biphenyl-2,2′-dicarboxylate (80).  
 
   A mixture of phenol 79 (82.7 mg, 71.0 µmol), K2CO3 (49.8 mg, 360 µmol), and BnBr (18.5 
mg, 108 µmol) in MeCN (1.0 mL) was stirred for 11 h at rt under N2 atmosphere. The reaction 
was quenched with 1 M hydrochloric acid (3.0 mL). The aq mixture was extracted with Et2O. 
The organic layer was successively washed with satd aq NaHCO3 and brine. After the general 
drying procedure, the resulting residue was purified by CC (5.0 g of SiO2, 
n-hexane/toluene/EtOAc = 50/5/2 to 10/5/2) to afford ester 80 (78.6 mg, 63.4 µmol, 88% yield) 
as a pale yellow syrup: [α]D23 –6.2° (c = 2.35 in CHCl3); IR 3088, 3064, 3031, 2947, 2879, 
1726, 1686, 1590, 1497, 1475, 1454, 1433, 1395, 1367, 1321, 1277, 1234, 1198, 1133, 1083, 
1026, 1000, 979, 910; 1H NMR (in CDCl3) δ 10.06 (s, 1H), 7.52–7.07 (m, 39H), 6.88–6.85 (m, 
4H), 5.21 (d, J = 11.2 Hz, 1H), 5.18 (s, 2H), 5.16 (s, 2H), 5.09–5.95 (m, 7H), 4.89 (d, J = 11.2 
Hz, 1H), 4.88 (d, J = 11.2 Hz, 1H), 4.74 (d, J = 11.2 Hz, 1H), 4.71 (d, J = 11.2 Hz, 1H), 3.47 (s, 
3H), 3.36 (s, 3H); 13C NMR (in CDCl3) δ 188.1 (d), 166.9 (s), 166.4 (s), 152.2 (s), 151.9 (s), 
151.4 (s), 151.1 (s), 150.9 (s), 149.3 (s), 146.4 (s), 145.9 (s), 145.6 (s), 144.8 (s), 137.7 (s), 137.6 
(s), 137.4 (s), 137.3 (s), 136.8 (s), 136.8 (s), 136.7 (s), 136.2 (s), 129.3 (s), 128.8–127.6 
(overlapping 40 doublets, 17 peaks were observed), 127.1 (s), 126.0 (s), 125.7 (s), 125.1 (s), 112.3 
(d), 111.2 (d), 106.1 (d), 75.9 (t), 75.8 (t), 75.6 (t), 75.5 (t), 74.8 (t), 74.7 (t), 71.4 (t), 71.2 (t), 52.0 
(q), 51.8 (q); HRMS m/z calcd for C79H66O14Na [M + Na]+ 1261.4350, found 1261.4362. 
 
 
Dimethyl (S)-4,5,5′,6,6′-Pentakis(benzyloxy)-4′-O-[2,3,4-tris(benzyloxy)-6- 
carboxyphenyl]-1,1′-biphenyl-2,2′-dicarboxylate (81).  
 
   To a stirred solution of 80 (147 mg, 119 µmol), 2-methyl-2-butene (0.1 mL), and NaH2PO4 
(27.8 mg, 178 µmol) in THF/tBuOH (v/v = 1/1, 1.0 mL) was added a solution of NaClO2 (16.1 
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mg, 178 µmol) in H2O (0.2 mL). The reaction mixture was stirred at rt for 2.5 h under air. After 
addition of H2O (5.0 mL), the aq mixture was extracted with Et2O. The organic layer was 
successively washed with satd aq NaHCO3 and brine. After the general drying procedure, the 
resulting residue was purified by CC (5.0 g of SiO2, n-hexane/EtOAc = 10/1 to 1.5/1) to afford 
carboxylic acid 81 (98.0 mg, 78.1 µmol, 66% yield) as a pale yellow syrup: [α]D23 –6.1° (c = 1.17 
in CHCl3); IR 3088, 3063, 3030, 3011, 2948, 2876, 1724, 1592, 1497, 1478, 1454, 1433, 1367, 
1321, 1276, 1236, 1214, 1201, 1153, 1106, 1083, 1027, 1002, 909; 1H NMR (in CDCl3) δ 7.51–
7.48 (m, 4H), 7.43–7.05 (m, 35H), 6.88–6.84 (m, 4H), 5.22–4.95 (m, 12H), 4.89 (d, J = 11.2 Hz, 
1H), 4.88 (d, J = 10.8 Hz, 1H), 4.77 (d, J = 11.2 Hz, 1H), 4.67 (d, J = 11.2 Hz, 1H), 3.45 (s, 3H), 
3.30 (s, 3H); 13C NMR (in CDCl3) δ 168.1 (s), 167.1 (s), 166.5 (s), 151.9 (s), 151.3 (s), 151.2 (s), 
151.1 (s), 150.1 (s), 148.0 (s), 146.4 (s), 145.5 (s), 145.1 (s), 143.7 (s), 137.7 (s), 137.7 (s), 137.6 
(s), 137.4 (s), 136.9 (s), 136.8 (s), 136.7 (s), 136.2 (s), 128.8 (s), 128.7–127.6 (overlapping 40 
doublets, 13 peaks were observed), 127.2 (s), 125.8 (s), 125.7 (s), 118.4 (s), 112.2 (d), 111.5 (d), 
111.1 (d), 76.0 (t), 75.7 (t), 75.6 (t), 75.4 (t), 74.7 (t), 74.7 (t), 71.4 (t), 71.2 (t), 52.0 (q), 51.7 (q); 
HRMS m/z calcd for C79H66O15Na [M + Na]+ 1277.4299, found 1277.4289. 
 
 
Trimethyl Octa-O-benzylvaloneate (82).  
 
   A mixture of carboxylic acid 81 (32.5 mg, 25.9 µmol), K2CO3 (17.9 mg, 160 µmol), and 
MeI (5.51 mg, 388 µmol) in DMF (0.5 mL) was stirred for 30 min at rt under N2 atmosphere. 
The reaction was quenched with 1 M hydrochloric acid (3.0 mL). The aq mixture was extracted 
with Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. After 
the general drying procedure, the resulting residue was purified by CC (2.0 g of SiO2, 
n-hexane/EtOAc = 20/1 to 2/1) to afford 82 (27.3 mg, 21.5 µmol, 83% yield) as a pale yellow 
syrup: [α]D22 –6.4° (c = 1.37 in CHCl3); IR 3089, 3061, 3030, 2948, 2878, 1726, 1592, 1497, 
1478, 1455, 1433, 1410, 1368, 1324, 1273, 1232, 1214, 1199, 1106, 1084, 1022, 911; 1H NMR 
(in CDCl3) δ 7.50–7.05 (m, 38H), 7.02 (s, 1H), 6.92–6.85 (m, 4H), 5.24 (d, J = 11,2 Hz, 1H), 
5.19–5.13 (m, 7H), 5.08 (d, J = 10.8 Hz, 1H), 5.01–4.97 (m, 3H), 4.92 (d, J = 10.8 Hz, 1H), 4.87 
(d, J = 10.8 Hz, 1H), 4.75 (d, J = 10.8 Hz, 1H), 4.71 (d, J = 10.8 Hz, 1H), 3.72 (s, 3H), 3.45 (s, 
3H), 3.31 (s, 3H); 13C NMR (in CDCl3) δ 167.2 (s), 166.8 (s), 165.3 (s), 152.0 (s), 151.8 (s), 151.2 
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(s), 151.1 (s), 150.1 (s), 147.2 (s), 146.9 (s), 145.6 (s), 144.9 (s), 142.9 (s), 137.9 (s), 137.9 (s), 
137.8 (s), 137.5 (s), 137.1 (s), 137.0 (s), 136.8 (s), 136.5 (s), 128.8–127.5 (overlapping 40 
doublets and 1 singlet, 13 peaks were observed), 127.4 (s), 126.0 (s), 125.6 (s), 120.1 (s), 111.6 
(d), 111.2 (d), 111.1 (d), 76.1 (t), 75.8 (t), 75.6 (t), 75.5 (t), 74.8 (t), 74.7 (t), 71.5 (t), 71.2 (t), 52.4 
(q), 51.9 (q), 51.7 (q); HRMS m/z calcd for C80H68O15Na [M + Na]+ 1291.4456, found 
1291.4462. 
 
Trimethyl Octa-O-methylvaloneate (83).  
 
   A mixture of 82 (16.6 mg, 13.1 µmol) and palladium on carbon (10 wt. %, 2.0 mg) in 
acetone (0.5 mL) was stirred for 5.5 h at rt under H2 atmosphere. The mixture was filtered 
through a cotton–Celite pad to remove the catalyst and carbon. Without further purification, 
the crude product, which was trimethyl valoneate, was used in the next reaction. 
   A mixture of the crude product (6.7 mg), K2CO3 (18.6 mg, 135 µmol), and MeI (228 mg, 
1.61 µmol) in DMF (0.5 mL) was stirred for 11 h at rt under N2 atmosphere. The reaction was 
quenched with 1 M hydrochloric acid (3.0 mL). The aq mixture was extracted with Et2O. The 
organic layer was successively washed with satd aq NaHCO3 and brine. After the general 
drying procedure, the resulting residue was purified by CC (500 mg of SiO2, 
n-hexane/toluene/EtOAc = 5/0/1 to 5/5/5) to afford 83 (1.8 mg, 27.2 µmol, 21% yield from 
40) as a pale yellow syrup. 1H and 13C NMR data for 83 were identical to the literature data4. 
 
 
3-(4-Methoxybenzyloxy)propyl 4-O-Benzyl-3,5-di-O-methoxymethylgallate (85). 
 
   To a solution of alcohol 84 (3.28 g, 16.7 mmol) in CH2Cl2 (167 mL) were added 
carboxylic acid 85 (8.73 g, 25.1 mmol), DMAP (2.04 g, 16.7 mmol), and EDCI·HCl (6.41 g, 
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33.4 mmol). The mixture was stirred for 3 h at rt. The reaction was quenched with 1 M aq 
H3PO4 until pH of the mixture became ~7. After this quenching procedure, the mixture was 
diluted with H2O (25 mL). The aq mixture was extracted with CH2Cl2. The organic layer 
was successively washed with H2O and brine. After the general drying procedure, the 
resulting residue was purified by successive CC (150 g of SiO2, n-hexane/EtOAc = 1/0 to 
2/1, followed by 60 g of SiO2, n-hexane/EtOAc = 1/0 to 2/1) to afford 86 (8.79 g, 16.7 
mmol, 100% yield) as a colorless syrup: IR 3004, 2856, 1714, 1613, 1585, 1513, 1464, 1367, 
1353, 1324, 1301, 1247, 1215, 1193, 1173, 1153, 1099, 1033, 966, 923, 821, 752; 1H NMR 
(in CDCl3) δ 7.50 (s, 2H), 7.48–7.46 (m, 2H), 7.37–7.28 (m, 3H), 7.25 (d, J = 8.6 Hz, 2H), 
6.85 (d, J = 8.6 Hz, 2H), 5.18 (s, 4H), 5.13 (s, 2H), 4.45 (s, 2H), 4.40 (t, J = 6.3 Hz, 2H), 
3.77 (s, 3H), 3.58 (t, J = 6.3 Hz, 2H), 3.47 (s, 6H), 2.04 (quin, J = 6.3 Hz, 2H); 13C NMR (in 
CDCl3) δ 165.9 (s), 159.2 (s), 151.0 (s, 2C), 143.1 (s), 137.4 (s), 130.5 (s), 129.3 (d, 2C), 
128.4 (d, 2C), 128.4 (d, 2C), 128.2 (d), 126.0 (s), 113.8 (d, 2C), 112.2 (d, 2C), 95.6 (t, 2C), 
75.3 (t), 72.8 (t), 66.5 (t), 62.4 (t), 56.5 (q, 2C), 55.3 (q), 29.2 (t); HRMS m/z calcd for 
C29H34O9Na [M + Na]+ 549.2101, found 549.2121. 
 
 
3-Hydroxypropyl 4-O-Benzyl-3,5-di-O-methoxymethylgallate (87). 
 
   To a solution of PMB ether 86 (2.47 g, 4.70 mmol) in CH2Cl2 (47 mL) and phosphate 
buffer (pH = 7.41, 9.4 mL) was added DDQ (3.20 g, 14.1 mmol). The mixture was stirred for 
3 h at rt. The reaction was quenched with 10% of aq Na2S2O3 (100 mL). From the resulting aq 
mixture, CH2Cl2 was removed by evaporation. The aq mixture was extracted with EtOAc. 
The organic layer was successively washed with 10% of aq Na2S2O3, H2O, and brine. After 
the general drying procedure, the resulting residue was purified by CC (60 g of SiO2, 
n-hexane/EtOAc = 1/0 to 1/3) to afford 87 (1.82 g, 4.48 mmol, 95% yield) as a colorless 
syrup: IR 3509, 3017, 2964, 2904, 2829, 1710, 1660, 1595, 1496, 1433, 1412, 1393, 1360, 
1324, 1303, 1253, 1215, 1195, 1156, 1109, 1083, 1047, 977, 923, 750; 1H NMR (in CDCl3) δ 
7.45 (s, 2H), 7.40–7.38 (m, 2H), 7.30–7.23 (m, 3H), 5.12 (s, 4H), 5.06 (s, 2H), 4.40 (t, J = 6.0 
Hz, 2H), 3.67 (t, J = 6.0 Hz, 2H), 3.42 (s, 6H), 1.92 (quin, J = 6.0 Hz, 2H), 1.76 (br s, 1H, 
OH); 13C NMR (in CDCl3) δ 166.4 (s), 151.0 (s, 2C), 143.1 (s), 137.3 (s), 128.4 (d, 2C), 128.3 
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(d, 2C), 128.2 (d), 125.6 (s), 112.1 (d, 2C), 95.5 (t, 2C), 75.3 (t), 62.0 (t), 59.1 (t), 56.5 (q, 2C), 
31.9 (t); HRMS m/z calcd for C21H26O8Na [M + Na]+ 429.1525, found 429.1534. 
 
 
3-(4-O-Benzyl-3,5-di-O-methoxymethylgalloyloxy)propyl 3,5-Di-O-methoxymethyl-4-O- 
[(2-naphtyl)methyl]gallate (89). 
 
   To a solution of alcohol 87 (345 mg, 849 µmol) and carboxylic acid 88 (406 mg, 1.02 
µmol) in CH2Cl2 (8.5 mL) were added DMAP (31.1 mg, 255 µmol) and EDCI·HCl (326 mg, 
1.70 µmol). The mixture was stirred for 6 h at rt. After cooling to 0 °C, to the mixture were 
added MeOH (1 mL) and satd aq NaHCO3 (1 mL). The mixture was stirred for 30 min at 
0 °C. The aq mixture was extracted with EtOAc. The organic layer was successively washed 
with 0.2 M aq NaOH, satd aq NH4Cl, H2O, and brine. After the general drying procedure, 
the resulting residue was purified by CC (15 g of SiO2, n-hexane/EtOAc = 3/1 to 1/1) to 
afford 89 (650 mg, 826 µmol, 97% yield) as a colorless syrup: IR 3018, 2958, 2935, 2900, 
2828, 1707, 1593, 1496, 1433, 1412, 1391, 1325, 1301, 1215, 1189, 1155, 1108, 1084, 1039, 
922, 857, 815, 750; 1H NMR (in CDCl3) δ 7.90–7.81 (m, 4H), 7.64–7.61 (m, 1H), 7.53 (s, 
2H), 7.52 (s, 2H), 7.50–7.46 (m, 4H), 7.37–7.29 (m, 3H), 5.30 (s, 2H), 5.20 (s, 8H), 5.19 (s, 
2H), 4.45 (t, J = 6.4 Hz, 4H), 3.49 (s, 6H), 3.44 (s, 6H), 2.23 (quin, J = 6.4 Hz, 2H); 13C 
NMR (in CDCl3) δ 165.9 (s), 165.9 (s), 151.1 (s, 4C), 143.3 (s), 143.3 (s), 137.4 (s), 135.0 
(s), 133.3 (s, 2C), 128.5 (d, 2C), 128.4 (d, 2C), 128.3 (d), 128.1 (d, 2C), 127.8 (d), 127.3 (d), 
126.3 (d), 126.2 (d, 2C), 125.8 (s), 125.7 (s), 112.3 (d, 4C), 95.6 (t, 4C), 75.5 (t), 75.4 (t), 
61.9 (t, 2C and C-3), 56.6 (q, 4C), 28.4 (t); HRMS m/z calcd for C43H46O14Na [M + Na]+ 
809.2785, found 809.2762. 
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3-(4-O-Benzylgalloyloxy)propyl 4-O-[(2-Naphtyl)methyl]gallate (90). 
 
   To a solution of tetrakis(methoxymethyl ether) 89 (50.0 mg, 63.6 µmol) in THF (1.3 mL) 
was added a mixture of iPrOH and conc. hydrochloric acid (v/v = 50/1, 3.9 mL). After being 
stirred for 4 h at 55 °C, the mixture was cooled to rt. The reaction was quenched by addition 
of satd aq NaHCO3 until the pH of the mixture became ~7. The mixture was concentrated 
under reduced pressure to remove iPrOH. The aq mixture was extracted with EtOAc. The 
organic layer was successively washed with satd aq NH4Cl, H2O, and brine. After the general 
drying procedure, the resulting residue was purified by CC (4 g of SiO2, n-hexane/EtOAc = 
5/1 to 1/1) to afford tetraol 90 (33.4 mg, 54.7 µmol, 86% yield) as a colorless amorphous 
solid: m.p. 104–108 °C: IR 3333, 3060, 2962, 2898, 1698, 1597, 1522, 1450, 1350, 1225, 
1056, 970, 862, 817, 768; 1H NMR (in acetone-d6) δ 7.98 (br s, 1H), 7.91–7.88 (m, 3H), 7.71 
(dd, J = 8.5, 1.6 Hz, 1H), 7.53–7.49 (m, 4H), 7.36–7.30 (m, 3H), 7.13 (s, 2H), 7.12 (s, 2H), 
5.36 (s, 2H), 5.19 (s, 2H), 4.41 (t, J = 6.4 Hz, 4H), 2.20 (quin, J = 6.4 Hz, 2H); 13C NMR (in 
acetone-d6) δ 166.4 (s, 2C), 151.3 (s, 4C), 139.0 (s), 138.9 (s), 138.5 (s), 136.1 (s), 134.1 (s), 
134.0 (s), 129.2 (d, 2C), 128.9 (d, 2C), 128.7 (d, 2C), 128.6 (d), 128.4 (d), 128.1 (d), 127.2 (d), 
126.9 (d), 126.9 (d), 126.5 (s), 126.4 (s), 109.9 (d, 2C), 109.9 (d, 2C), 74.7 (t), 74.5 (t), 62.1 (t, 
2C), 28.9 (t); HRMS m/z calcd for C35H30O10Na [M + Na]+ 633.1737, found 633.1749. 
 
 
1,3-Propanediyl 5-Benzyloxy-5′-(2-naphthyl)methoxy-4,4′,6,6′-tetrahydroxy-1,1′- 
biphenyl-2,2′-dicarboxylate (91). 
 
   A solution of CuCl2 (44.0 mg, 326 µmol) and nBuNH2 (95.8 mg, 1.31 µmol) in MeOH (0.9 
mL) was stirred for 1 h at rt to prepare a blue solution of CuCl2–nBuNH2 complex. Then, a 
solution of tetraol 90 (40.0 mg, 65.5 µmol) in MeOH (2.4 mL) was added to the solution of 
89
OOO
O
BnO
MOMO
O
O
ONap
OMOM
MOM MOM
conc. aq. HCl
i-PrOH, THF
55 °C, 4 h
86%
90
OOO
OH
BnO
HO
O
HO
ONap
OH
90
OOO
OH
BnO
HO
O
HO
ONap
OH
CuCl2
n-BuNH2
MeOH
rt, 15 min
93%
OO
HOBnO
HO
OH ONap
OH
OO
91
 57 
CuCl2–nBuNH2 complex. The mixture was stirred for 15 min at rt under Ar atmosphere. The 
reaction mixture was diluted with Et2O (15 mL) and to this was added aq 3 M hydrochloric acid 
(5 mL). The mixture became two layers, in which the upper layer was brown and the lower was 
yellow-green. After extraction of the aq mixture with Et2O, the organic layer was successively 
washed with aq 1 M hydrochloric acid, H2O, and brine. After the general drying procedure, the 
resulting residue was purified by gel permeation chromatography (2 g of TOYOPEARL HW-40C, 
acetone) to afford HHDP-compound 91 (37.0 mg, 60.8 µmol, 93% yield) as a yellow solid: m.p. 
184.0–185.0 °C; IR 3378, 3060, 2959, 1718, 1600, 1505, 1442, 1378, 1352, 1334, 1281, 1250, 
1250, 1228, 1189, 1141, 1124, 1060, 962; 1H NMR (in acetone-d6) δ 8.01 (s, 1H), 7.93–7.89 (m, 
3H), 7.73 (dd, J = 8.4, 1.6 Hz, 1H), 7.56–7.49 (m, 4H), 7.39–7.29 (m, 3H), 6.61 (s, 1H), 6.60 (s, 
1H), 5.36 (d, J = 11.2 Hz, 1H), 5.31 (d, J = 11.2 Hz, 1H), 5.18 (d, J = 11.2 Hz, 1H), 5.13 (d, J = 
11.2 Hz, 1H), 4.73–4.66 (m, 2H), 3.99–3.93 (m, 2H), 2.15–2.10 (m, 2H); 13C NMR (in 
acetone-d6) δ 168.6 (s), 168.6 (s), 150.5 (s), 150.4 (s), 150.2 (s, 2C), 138.8 (s), 136.7 (s), 136.6 (s), 
136.4 (s), 134.2 (s), 134.1 (s), 131.5 (s), 131.5 (s), 129.3 (d, 2C), 129.0 (d, 2C), 128.9 (d), 128.7 (d, 
2C), 128.5 (d), 128.1 (d), 127.3 (d), 126.9 (d), 126.8 (d), 115.1 (s), 115.0 (s), 107.5 (d, 2C), 74.9 
(t), 74.8 (t), 60.7 (t, 2C), 26.2 (t); HRMS m/z calcd for C35H28O10Na [M + Na]+ 631.1580, found 
631.1568. 
 
 
1,3-Propanediyl 5-Benzyloxy-5′-(2-naphthyl)methoxy-4,4′,6,6′-tetrakis(methoxymethoxy)- 
1,1′-biphenyl-2,2′-dicarboxylate (91a). 
 
   A mixture of tetraol 91 (76.0 mg, 125 µmol), iPr2NEt (0.35 mL), and MOMCl (80.5 mg, 
1.00 mmol) in DMF (1.3 mL) was stirred for 45 min at rt under N2 atmosphere. To the 
reaction mixture were added Et2O (10 mL) and 1 M hydrochloric acid (10 mL). The aq 
mixture was extracted with Et2O. The organic layer was successively washed with satd aq 
NaHCO3. After the general drying procedure, the resulting residue was purified by CC (3 g of 
SiO2, n-hexane/toluene/EtOAc = 10/6/2 to 4/6/2 to 4/6/3) to afford 91a (83.2 mg, 106 µmol, 
85% yield) as a colorless syrup: IR 3017, 2961, 2933, 2902, 2829, 1736, 1592, 1572, 1480, 
1430, 1385, 1331, 1302, 1213, 1189, 1156, 1102, 1041, 988, 750; 1H NMR (in CDCl3) δ 7.94 
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(br s, 1H), 7.86–7.80 (m, 3H), 7.65 (dd, J = 8.5, 1.8 Hz, 1H), 7.52–7.44 (m, 4H), 7.38–7.29 
(m, 3H), 7.06 (s, 1H), 7.06 (s, 1H), 5.43 (d, J = 11.5 Hz, 1H), 5.32 (d, J = 11.5 Hz, 1H), 5.26 
(d, J = 11.0 Hz, 1H), 5.20–5.13 (m, 3H), 5.08?5.05 (m, 3H), 4.99 (d, J = 5.3 Hz, 1H), 4.85?
4.77 (m, 3H), 4.74 (d, J = 5.3 Hz, 1H), 4.02–3.97 (m, 2H), 3.45 (s, 3H), 3.41 (s, 3H), 3.12 (s, 
3H), 3.03 (s, 3H), 2.13 (ddd, J = 16.3, 8.9, 4.6 Hz, 2H); 13C NMR (in CDCl3) δ 168.1 (s), 
168.1 (s), 151.1 (s, 2C), 149.9 (s, 2C), 143.5 (s), 137.4 (s), 135.0 (s, 2C), 133.3 (s), 133.3 (s), 
129.5 (s), 129.5 (s), 128.6 (d, 2C), 128.4 (d, 2C), 128.2 (d, 2C), 128.0 (d), 127.8 (d), 127.4 (d), 
126.4 (d), 126.2 (d), 126.2 (d), 123.8 (s, 2C), 110.3 (d), 110.3 (d), 99.3 (t), 99.2 (t), 95.5 (t, 
2C), 75.3 (t), 75.2 (t), 60.2 (t, 2C), 57.1 (q), 57.0 (q), 56.5 (q), 56.4 (q), 25.5 (t); HRMS m/z 
calcd for C43H44O14Na [M + Na]+ 807.2629, found 807.2632. 
 
 
1,3-Propanediyl 5-Benzyloxy-5′-hydroxy-4,4′,6,6′-tetrakis(methoxymethoxy)- 
1,1′-biphenyl-2,2′-dicarboxylate (92). 
 
   A mixture of 91a (101 mg, 129 µmol), DDQ (73.2 mg, 323 µmol), and phosphate buffer 
(pH = 7.41, 0.2 mL) in CH2Cl2 (1.0 mL) was stirred for 22 h at rt. The reaction was quenched 
with 10% of aq Na2S2O3 (20 mL). The aq mixture was extracted with Et2O. The organic layer 
was successively washed with H2O and satd aq NaHCO3. After the general drying procedure, 
the resulting residue was purified by CC (3.0 g of SiO2, n-hexane/EtOAc = 5/1 to 1/1) to 
afford 92 (73.5 mg, 114 µmol, 88% yield) as a colorless syrup: IR 3391, 2956, 2829, 1735, 
1592, 1486, 1434, 1389, 1369, 1326, 1282, 1192, 1152, 1100, 1037, 993, 921; 1H NMR (in 
CDCl3) δ 7.53 (s, 1H, OH), 7.49–7.46 (m, 2H), 7.38–7.29 (m, 3H), 7.15 (s, 1H), 7.06 (s, 1H), 
5.30 (d, J = 6.8 Hz, 1H), 5.25–5.20 (m, 3H), 5.13 (d, J = 10.8 Hz, 1H), 5.11 (d, J = 6.8 Hz, 1H), 
5.06 (d, J = 5.2 Hz, 1H), 4.89 (d, J = 6.4 Hz, 1H), 4.86–4.73 (m, 4H), 4.04–3.97 (m, 2H), 3.54 (s, 
3H), 3.48 (s, 3H), 3.45 (s, 3H), 3.09 (s, 3H), 2.18–2.10 (m, 2H); 13C NMR (in CDCl3) δ 168.3 
(s), 168.0 (s), 151.1 (s), 149.2 (s), 145.7 (s), 144.7 (s), 143.4 (s), 141.9 (s), 137.4 (s), 129.8 (s), 
128.5 (s), 128.4 (d, 2C), 128.2 (d, 2C), 124.9 (d), 123.4 (s), 123.4 (s), 111.5 (d), 110.2 (d), 99.7 
(t), 99.4 (t), 95.9 (t), 95.5 (t), 75.2 (t), 60.5 (t), 60.0 (t), 57.5 (q), 57.2 (q), 56.6 (q), 56.5 (q), 25.5 
(t); HRMS m/z calcd for, found C32H36O14Na [M + Na]+ 667.2003, found 667.1986. 
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1,3-Propanediyl 5-Benzyloxy-5′-[4,5,5-tris(benzyloxy)-2-formyl-6-oxocyclohexa-1,3- 
denyl]-4,4′,6,6′-tetrakis(methoxymethoxy)-1,1′-biphenyl-2,2′-dicarboxylate (93). 
 
   To a solution of 45-Br (268 mg, 516 µmol) in DMSO (1.0 mL) were added a solution of 
92 (83.0 mg, 129 µmol) in DMSO (0.3 mL) and K2CO3 (89.1 mg, 645 µmol). The mixture 
was stirred for 15 min at 70 °C under N2 atmosphere. To the reaction mixture were added 
Et2O (5 mL) and 1 M hydrochloric acid (5 mL). The aq mixture was extracted with Et2O. The 
organic layer was successively washed with satd aq NaHCO3 and brine. After the general 
drying procedure, the resulting residue was purified by CC (2.5 g of SiO2, 
n-hexane/toluene/EtOAc = 5/3/2 to 2/3/2) to afford 93 (131 mg, 121 µmol, 94% yield) as a 
red syrup: IR 2928, 1736, 1681, 1643, 1591, 1497, 1469, 1389, 1327, 1190, 1160, 1043, 988, 
966; 1H NMR (in CDCl3) δ 10.52 (s, 1H), 7.40–7.25 (m, 16H), 7.20–7.18 (m, 3H), 7.07 (s, 1H), 
7.07 (s, 1H), 5.84 (s, 1H), 5.18 (d, J = 6.8 Hz, 1H), 5.13 (d, J = 11.2 Hz, 1H), 5.08 (d, J = 6.8 
Hz, 1H), 5.01–4.90 (m, 9H), 4.87–4.75 (m, 4H), 4.70 (d, J = 5.2 Hz, 1H), 4.63 (d, J = 11.6 Hz, 
1H), 4.63 (d, J = 11.6 Hz, 1H), 4.02–3.96 (m, 2H), 3.45 (s, 3H), 3.29 (s, 3H), 3.23 (s, 3H), 3.14 
(s, 3H), 2.17–2.13 (m, 2H); 13C NMR (in CDCl3) δ 191.2 (s), 189.7 (d), 168.2 (s), 167.7 (s), 
156.7 (s), 151.4 (s), 150.3 (s), 149.0 (s), 148.5 (s), 147.0 (s), 143.9 (s), 141.2 (s), 137.8 (s), 
137.6 (s), 137.6 (s), 135.5 (s), 130.1 (s), 129.6 (s), 128.7 (d, 2C), 128.4 (d, 6C), 128.3 (d, 2C), 
128.0 (d), 127.8 (d, 3C), 127.8 (d, 3C), 127.7 (d, 2C), 127.6 (d), 125.9 (s), 123.7 (s), 123.1 (s), 
110.4 (d), 110.2 (d), 99.5 (t), 99.5 (t), 95.7 (t), 95.5 (t), 95.4 (s), 91.2 (d), 75.2 (t), 70.6 (t), 66.4 
(t), 66.3 (t), 60.2 (t), 60.2 (t), 57.5 (q), 57.3 (q), 56.5 (q, 2C), 25.4 (t); HRMS m/z calcd for 
C60H58O19Na [M + Na]+ 1105.3470, found 1105.3465. 
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1,3-Propanediyl 5-Benzyloxy-5′-[2-hydroxy-3,4-bis(benzyloxy)-6-formylphenyl]-4,4′,6,6′- 
tetrakis(methoxymethoxy)-1,1′-biphenyl-2,2′-dicarboxylate (94).  
 
   To a solution of 93 (80.5 mg, 74.3 µmol) in DMF (6.0 mL) were added Et3SiH (13.0 mg, 
111 µmol) and Pd(PPh3)4 (8.6 mg, 7.4 µmol). The mixture was stirred for 10 min at 80 °C 
under N2 atmosphere. To the reaction mixture were added Et2O (3 mL) and 1 M hydrochloric 
acid (3 mL). The aq mixture was extracted with Et2O. The organic layer was successively 
washed with satd aq NaHCO3 and brine. After the general drying procedure, the resulting 
residue was purified by CC (2.5 g of SiO2, n-hexane/toluene/EtOAc = 5/3/1 to 2/3/2) to afford 
94 (60.1 mg, 61.5 µmol, 83% yield) as a colorless syrup: IR 3358, 3063, 3030, 2957, 2830, 
1737, 1682, 1593, 1478, 1453, 1386, 1332, 1246, 1212, 1189, 1156, 1125, 1103, 1042, 989, 
921; 1H NMR (in CDCl3) δ 10.58 (s, 1H), 7.50–7.26 (m, 15H), 7.12 (s, 1H, OH), 7.10 (s, 1H), 
7.09 (s, 1H), 7.04 (s, 1H), 5.26–5.10 (m, 8H), 5.01 (d, J = 7.2 Hz, 1H), 5.00 (d, J = 5.6 Hz, 
1H), 4.95 (d, J = 5.2 Hz, 1H), 4.88–4.77 (m, 5H), 4.04–3.98 (m, 2H), 3.48 (s, 3H), 3.18 (s, 
3H), 3.15 (s, 3H), 3.07 (s, 3H), 2.18–2.12 (m, 2H); 13C NMR (in CDCl3) δ 189.3 (d), 168.1 (s), 
167.7 (s), 151.4 (s), 149.8 (s), 149.4 (s), 148.9 (s), 148.0 (s), 144.0 (s), 143.6 (s), 142.7 (s), 
142.3 (s), 141.7 (s), 137.4 (s), 137.2 (s), 136.6 (s), 130.5 (s), 129.4 (s), 128.7 (d, 2C), 128.6 (d, 
2C), 128.5 (d, 4C), 128.4 (d, 2C), 128.4 (d), 128.2 (d, 2C), 127.7 (d, 2C), 123.9 (s), 123.5 (s), 
123.1 (s), 110.4 (d), 110.2 (d), 101.6 (d), 99.8 (t), 99.3 (t), 95.5 (t), 94.5 (t), 75.2 (t, 2C), 71.1 
(t), 60.4 (t), 60.2 (t), 57.4 (q), 57.3 (q), 56.6 (q), 56.3 (q), 25.5 (t); HRMS m/z calcd for 
C53H52O18Na [M + Na]+ 999.3051, found 999.3069. 
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1,3-Propanediyl 5-Benzyloxy-5′-[2,3,4-tris(benzyloxy)-6-formylphenyl]-4,4′,6,6′- 
tetrakis(methoxymethoxy)-1,1′-biphenyl-2,2′-dicarboxylate (94a) 
 
   A mixture of 94 (71.4 mg, 73.1 µmol), K2CO3 (30.3 mg, 21.9 µmol), and benzyl bromide 
(18.8 mg, 10.9 µmol) in MeCN (1.0 mL) was stirred for 3.5 h at rt. After being diluted with 
Et2O (5.0 mL), the mixture was added 1 M hydrochloric acid (5.0 mL). The aqueous mixture 
was extracted with Et2O. The organic layer was successively washed with saturated aqueous 
NaHCO3 and brine. After the general drying procedure, the crude product was purified by 
column chromatography (1.0 g of SiO2, n-hexane/AcOEt = 6/1 to 1.5/1) to afford 94a (65.4 
mg, 61.3 µmol, 84% yield) as a colorless syrup: IR 3030, 2957, 2830, 1737, 1681, 1592, 1497, 
1470, 1446, 1387, 1333, 1304, 1278, 1213, 1191, 1158, 1106, 1044, 920; 1H NMR (in CDCl3) 
δ  10.47 (s, 1 H), 7.43–7.19 (m, 21H), 7.06 (s, 1H), 7.05 (s, 1H), 5.19 (d, J = 4 Hz, 1H), 5.16–
5.02 (m, 11H), 4.87–4.78 (m, 6H), 4.05–3.96 (m, 2H), 3.45 (s, 3H), 3.21 (s, 3H), 3.07 (s, 3H), 
2.96 (s, 3H), 2.18–2.12 (m, 2H); 13C NMR (in CDCl3) δ 188.9 (d), 168.1 (s), 167.8 (s), 151.3 
(s), 150.2 (s), 149.0 (s), 148.8 (s), 148.6 (s), 147.6 (s), 144.5 (s), 143.8 (s), 143.1 (s), 137.4 (s), 
137.1 (s), 136.9 (s), 136.4 (s), 129.5 (s), 128.9–127.8 (overlapping 20 doublets and 2 singlets: 
10 peaks were observed), 123.8 (s), 123.3 (s), 123.1 (s), 110.3 (d), 110.1 (d), 105.8 (d), 99.3 
(t), 99.3 (t), 95.5 (t), 95.2 (t), 76.0 (t), 75.6 (t), 75.2 (t), 71.2 (t), 60.3 (t), 60.1 (t), 57.2 (q), 
57.0 (q), 56.5 (q), 56.4 (q), 25.5 (t); HRMS m/z calcd for C60H58O18Na [M + Na]+ 1089.3521, 
found 1089.3514. 
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1,3-Propanediyl 5-Benzyloxy-5′-[2,3,4-tris(benzyloxy)-6-carboxyphenyl]-4,4′,6,6′- 
tetrakis(methoxymethoxy)-1,1′-biphenyl-2,2′-dicarboxylate (95) 
 
   To a stirred solution of 94a (44.6 mg, 41.8 µmol), 2-methyl-2-butene (0.1 mL), and 
NaH2PO4 (9.8 mg, 62.7 µmol) in THF/tBuOH (v/v = 1/1, 0.6 mL) was added a solution of 
NaClO2 (5.7 mg, 62.7 µmol) in H2O (0.1 mL). The reaction mixture was stirred at rt for 15 h 
under air, and added H2O (5.0 mL). The aqueous mixture was extracted with Et2O. The 
combined organic layer was successively washed with saturated aqueous NaHCO3 and brine. 
After the general drying procedure, the resulting residue was purified by column 
chromatography (1.0 g of SiO2, n-hexane/AcOEt = 3/1 to 1/5) to afford carboxylic acid 95 
(17.5 mg, 16.2 µmol, 39% yield) as pale yellow syrup: IR 2957, 2827, 1737, 1592, 1437, 
1385, 1213, 1191, 1157, 1104, 1047, 989, 923, 751; 1H NMR (in acetone–d6) δ 7.50–7.26 (m, 
21H), 7.11 (br s, 2H), 5.27 (d, J = 6.8 Hz, 1H), 5.22 (d, J = 6.8 Hz, 1H), 5.18–4.94 (br m, 
14H), 4.77–4.68 (m, 2H), 4.08–4.02 (m, 2H), 3.47 (s, 3H), 3.27 (br s, 3H), 3.04 (br s, 3H), 
2.93 (br s, 3H), 2.21–2.13 (m, 2H); 13C NMR (in acetone–d6) δ 168.7 (s), 168.4 (s), 166.3 (s), 
151.8 (s), 149.1 (s), 148.8 (s), 147.2 (s), 147.1 (s), 145.7 (s), 144.7 (s), 143.7 (s), 138.7 (s), 
138.3 (s), 138.1 (s), 138.0 (s), 130.7 (s), 129.8–128.6 (overlapping 20 doublets and 6 singlets: 
8 peaks were observed), 111.9 (d), 111.6 (d), 111.0 (d), 99.8 (t), 99.7 (t), 96.4 (t), 96.2 (t), 
76.4 (t), 76.0 (t), 75.7 (t), 71.9 (t), 61.3 (t), 61.1 (t), 57.1 (q), 57.0 (q), 56.6 (q, 2C), 26.1 (t); 
HRMS m/z calcd for C60H58O19Na [M + Na]+ 1105.347, found 1105.3488. 
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Tergallic acid dilactone (97) 
 
   To a solution of 95 (17.5 mg, 16.2 µmol) in THF (0.3 mL) were added a mixture of iPrOH 
and conc. hydrochloric acid (v/v = 50/1, 0.3 mL). The mixture was stirred for 4 h at 55 °C. 
After concentration of the mixture, the resulting residue was purified by column 
chromatography (300 mg of SiO2, CHCl3/acetone = 20/1 to 1/1) to obtain products containing 
tetrabenzyl tergallic acid dilactone as the main compound. A mixture of the product and 
palladium on carbon (10 wt. %, 3.0 mg) in acetone (0.2 mL) was stirred for 8 h at rt under H2 
atmosphere. It was filtered through a cotton–Celite pad to remove the catalyst and carbon. 
Concentration of the filtrate afforded 97 (5.5 mg, 11.7 µmol, 72%) as a gray syrup, 1H NMR 
of which was identical to the literature data5. 
 
 
(S)-5,5′,6,6′-Tetrakis(benzyloxy)-4,4′-bis(methoxymethoxy)-1,1′-biphenyl-2,2′- 
dicarboxylic Acid (104).  
 
   A mixture of 75 (4.27 g, 4.05 mmol) and 3 M aq NaOH (20 mL, 60 mmol) in MeOH (15 
mL) and THF (80 mL) was stirred for 3 h at reflux. After addition of Et2O (50 mL), the 
reaction was quenched with 1 M hydrochloric acid (100 mL). The aq mixture was extracted 
with Et2O. The organic layer was washed with brine. After the general drying procedure, the 
crude product was purified by CC (80 g of SiO2, n-hexane/EtOAc = 3/1 to 1/1) to afford 
carboxylic acid 104 (1.96 g, 2.49 mmol, 61% yield) as white solid: m.p. 136.2–137.0 °C; 
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[α]D23 +60° (c = 0.33 in CHCl3); IR 3030, 2938, 2616, 1682, 1590, 1557, 1497, 1476, 1455, 
1419, 1358, 1317, 1256, 1216, 1158, 1101, 1048, 1026, 994, 959, 920; 1H NMR (in 
acetone-d6) δ 6.23 (s, 2H), 5.95–5.92 (m, 4H), 5.84–5.76 (m, 6H), 5.70–5.65 (m, 6H), 5.41–
5.38 (m, 4H), 3.85 (d, J = 6.8 Hz, 2H), 3.82 (d, J = 6.8 Hz, 2H), 3.54 (d, J = 10.8 Hz, 2H), 
3.49 (d, J = 11.2 Hz, 2H), 3.41 (d, J = 11.2 Hz, 2H), 3.30 (d, J = 10.8 Hz, 2H), 2.05 (s, 6H); 
13C NMR (in acetone-d6) δ 167.7 (s, 2C), 151.7 (s, 2C), 151.0 (s, 2C), 146.9 (s, 2C), 138.9 (s, 
2C), 138.7 (s, 2C), 129.7 (s, 2C), 129.1 (d, 4C), 129.0 (d, 4C), 128.9 (d, 4C), 128.7 (d, 2C), 
128.2 (d, 6C), 127.3 (s, 2C), 115.0 (d, 2C), 96.4 (t, 2C), 75.9 (t, 2C), 75.0 (t, 2C), 56.6 (q, 
2C); HRMS m/z calcd for C46H42O12Na [M + Na]+ 809.2574, found 809.2562. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-benzylidene-β-D-glucopyranose (102).  
 
   To a stirred suspension of 3,4,5-tri-O-benzylgallic acid (821 mg, 1.86 mmol) in toluene 
(10 mL) and DMF (0.1 mL) was added oxalyl chloride (360 mg, 2.84 mmol). The solution 
was stirred for 45 min at 70 °C. The yellow reaction mixture was concentrated. Toluene (10 
mL) was added to the residue. The desired acid chloride dissolved into toluene, while a 
yellow and highly viscous side product remained undissolved. Thus, the toluene solution part 
was decanted to another flask, and the former flask was rinsed with toluene (5 mL). The 
combined toluene solution was concentrated to afford 3,4,5-tri-O-benzylgallic acid chloride as 
a yellow syrup. Without further purification, the crude product was used in the next reaction.  
   To a solution of 100 (100 mg, 373 µmol) and iPr2NEt (1.5 mL) in CH2Cl2 (10 mL) was 
added a solution of the acid chloride in CH2Cl2 (10 mL) with cannula. After being stirred for 
25 h at rt under N2 atmosphere, to the mixture was added DMAP (2.1 mg, 17.2 mmol) and 
stirred for 24 h at reflux. To the reaction mixture were added MeOH (5 mL) and H2O (10 mL). 
The aq mixture was extracted with EtOAc. The organic layer was successively washed with 
H2O and brine. After the general drying procedure, the resulting residue was crystallized from 
a mixture of benzene and n-hexane to obtain a mixture of 102 and 3,4,5-tri-O-benzylgallic 
anhydride, which was used for the next transformation without further purification.  
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1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-β-D-glucopyranose (103).  
 
   To a mixture containing 102 and 3,4,5-tri-O-benzylgallic anhydride (672 mg) in THF (8.0 
mL) was added a mixture of iPrOH and conc. hydrochloric acid (v/v = 50:1, 4.0 mL), and it 
was stirred for 22 h at 55 °C. The mixture was concentrated to remove excess iPrOH and THF. 
The remained aq mixture was extracted with Et2O. The organic layer was successively 
washed with satd aq NaHCO3 and brine. After the general drying procedure, the resulting 
residue was purified by CC (30 g of SiO2, n-hexane/EtOAc = 2/1 to 1/1.5) to afford diol 103 
(416 mg, 287 µmol, 78% yield from 100) as a colorless amorphous solid: m.p. 64.3–65.5 °C; 
[α]D23 +12.0° (c = 0.51 in CHCl3); IR 3525, 3085, 3063, 3031, 2929, 1715, 1586, 1498, 1454, 
1428, 1371, 1331, 1196, 1100, 1075, 1025, 1003, 909, 858; 1H NMR (in CDCl3) δ 7.43–7.39 
(m, 11H), 7.35–7.15 (m, 40H), 6.09 (d, J = 8.4 Hz, 1H), 5.70 (dd, J = 9.6, 8.4 Hz, 1H), 5.46 
(dd, J = 9.6, 9.6 Hz, 1H), 5.18–5.04 (m, 12H), 4.98 (s, 2H), 4.84 (s, 4H), 4.08 (dd, J = 9.6, 9.6 
Hz, 1H), 4.05 (dd, J = 12.0, 2.8 Hz, 1H), 3.95 (dd, J = 12.0, 4.0 Hz, 1H), 3.83 (ddd, J = 9.6, 
4.0, 2.8 Hz, 1H); 13C NMR (in CDCl3) δ 167.4 (s), 165.4 (s), 164.4 (s), 152.8 (s, 6C), 143.3 (s, 
3C), 137.4 (s, 3C), 136.6 (s, 2C), 136.6 (s, 2C), 136.4 (s, 2C), 128.7 (d, 6C), 128.5 (d, 6C), 
128.4 (d, 2C), 128.3 (d, 5C), 128.3 (d, 4C), 128.2 (d, 4C), 128.1 (d, 2C), 128.1 (d, 2C), 128.0 
(d), 127.7 (d, 8C), 127.6 (d, 5C), 123.8 (s), 123.7 (s), 123.5 (s), 109.6 (d, 2C), 109.5 (d, 2C), 
109.3 (d, 2C), 92.9 (d), 77.8 (d), 77.0 (d), 75.3 (t, 2C), 71.3 (t, 4C), 71.2 (t, 3C), 71.1 (d), 69.7 
(d), 62.0 (t); HRMS m/z calcd for C90H78O18Na [M + Na]+ 1469.5086, found 1469.5068. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-[4,4′-di(methoxymethoxy)-5,5′,6,6′- 
tetrabenzyloxy-1,1′-biphenyl-2,2′-dicarboxylate]-β-D-glucopyranose (105).  
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   A mixture of diol 103 (350 mg, 241 µmol), dicarboxylic acid 104 (228 mg, 290 µmol), 
DMAP (36 mg, 29.0 µmol), and EDCI·HCl (111 mg, 578 µmol) in CH2Cl2 (24 mL) was 
stirred for 3 h at 0 °C followed by for 18 h at rt. After being diluted with EtOAc (20 mL), to 
the mixture was added 1 M hydrochloric acid (20 mL). The aq mixture was extracted with 
EtOAc. The organic layer was successively washed with H2O and brine. After the general 
drying procedure, the crude product was purified by CC (15 g of SiO2, n-hexane/EtOAc = 5/1 
to 2/1) to afford 105 (393 mg, 74% yield) as a colorless amorphous solid: m.p. 57.8–59.7 °C; 
[α]D21 –6.0° (c = 2.04 in CHCl3); IR 3088, 3064, 3031, 3008, 2938, 2876, 1747, 1731, 1589, 
1498, 1479, 1454, 1428, 1371, 1332, 1214, 1188, 1156, 1104, 1057, 1028, 1003, 861; 1H 
NMR (in CDCl3) δ 7.44–7.42 (m, 7H), 7.38–7.10 (m, 58H), 7.04 (s, 1H), 7.00–6.97 (m, 5H), 
6.86–6.83 (m, 2H), 6.09 (d, J = 7.8 Hz, 1H), 5.86–5.77 (m, 2H), 5.50 (dd, J = 9.8, 9.8 Hz, 1H), 
5.42 (dd, J = 12.6, 6.4 Hz, 1H), 5.26 (d, J = 6.4 Hz, 1H), 5.24 (d, J = 6.6 Hz, 1H), 5.17 (d, J = 
6.6 Hz, 1H), 5.14 (d, J = 6.9 Hz, 1H), 5.12 (s, 4H), 5.09 (s, 2H), 5.01–4.89 (m, 15H), 4.89–
4.84 (m, 3H), 4.73 (d, J = 10.8 Hz, 1H), 4.69 (d, J = 10.8 Hz, 1H), 4.38 (dd, J = 9.8, 6.4 Hz, 
1H), 4.09 (d, J = 12.6 Hz, 1H), 3.52 (s, 3H), 3.51 (s, 3H); 13C NMR (in CDCl3) δ 167.5 (s), 
166.9 (s), 165.7 (s), 165.0 (s), 164.4 (s), 152.8 (s, 2C), 152.7 (s, 2C), 152.6 (s, 2C), 152.3 (s, 
2C), 151.3 (s), 151.1 (s), 145.3 (s), 144.8 (s), 143.4 (s), 143.2 (s), 143.1 (s), 137.7 (s), 137.6 
(s), 137.6 (s), 137.5 (s), 137.5 (s, 3C), 136.6 (s, 2C), 136.5 (s, 2C), 136.5 (s, 2C), 128.8 (s), 
128.8–127.5 (overlapping 65 doublets and 1 singlet: 18 peaks were observed), 124.5 (s), 
124.2 (s), 124.0 (s), 123.8 (s), 123.4 (s), 110.9 (d), 110.6 (d), 109.6 (d, 2C), 109.5 (d, 2C), 
109.4 (d, 2C), 95.8 (t), 95.7 (t), 93.2 (d), 75.6 (t), 75.6 (t), 75.3 (t), 75.2 (t, 2C), 75.2 (t), 75.0 
(t), 73.3 (d), 72.7 (d), 71.7 (d), 71.3 (t, 4C), 71.2 (t, 2C), 70.3 (d), 63.1 (t), 56.7 (q), 56.6 (q); 
HRMS m/z calcd for C136H116O28Na [M + Na]+ 2219.7551, found 2219.7575. 
 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-[4,4′-dihydroxy-5,5′,6,6′-tetrabenzyloxy
-1,1′-biphenyl-2,2′-dicarboxylate]-β-D-glucopyranose (106).  
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   A solution of 105 (163 mg, 74.1 µmol) in THF (3.0 mL) and a mixture of iPrOH and conc. 
hydrochloric acid (v/v = 50/1, 1.0 mL) was stirred for 26 h at 60 °C. After addition of satd aq 
NaHCO3 (10 mL), the mixture was extracted with Et2O. The organic layer was successively 
washed with H2O and brine. After the general drying procedure, the crude product was 
purified by CC (5 g of SiO2, n-hexane/EtOAc = 5/1 to 2/1) to afford diol 106 (144 mg, 68.2 
µmol, 92%) as a colorless syrup: [α]D22 –6.3° (c = 1.22 in CHCl3); IR 3409, 3086, 3064, 3030, 
2957, 2945, 2932, 2878, 1752, 1731, 1711, 1588, 1498, 1455, 1428, 1376, 1335, 1195, 1174, 
1113, 1068, 1027, 1004, 975, 916, 861; 1H NMR (in acetone-d6) δ 8.60 (s, 1H, OH), 8.60 (s, 
1H, OH), 7.55–7.52 (m, 6H), 7.44–7.13 (m, 58H), 7.08–7.04 (m, 5H), 7.01 (s, 1H), 6.91 (s, 
1H), 6.89–6.87 (m, 2H), 6.40 (d, J = 7.8 Hz, 1H), 6.05 (dd, J = 9.8, 9.4 Hz, 1H), 5.83 (dd, J = 
9.4, 7.8 Hz, 1H), 5.52 (dd, J = 9.8, 9.8 Hz, 1H), 5.47 (dd, J = 13.0, 6.2 Hz, 1H), 5.20 (s, 4H), 
5.10 (s, 2H), 5.07–4.97 (m, 13H), 4.92–4.86 (m, 4H), 4.83–4.76 (m, 3H), 4.65 (d, J = 10.5 Hz, 
1H), 4.10 (d, J = 13.0 Hz, 1H); 13C NMR (in acetone-d6) δ 167.9 (s), 167.6 (s), 166.0 (s), 
165.5 (s), 164.5 (s), 153.3 (s, 2C), 153.2 (s, 2C), 153.1 (s, 2C), 152.5 (s), 152.4 (s), 151.5 (s), 
151.4 (s), 143.6 (s), 143.5 (s), 143.3 (s), 143.1 (s), 142.8 (s), 138.3 (s, 3C), 138.2 (s), 138.2 (s), 
138.1 (s), 138.0 (s), 137.4 (s, 2C), 137.3 (s, 2C), 137.2 (s, 2C), 130.2 (s), 129.6 (s), 129.0–
128.2 (overlapping 64 doublets: 12 peaks were observed), 128.0 (d), 124.8 (s), 124.5 (s), 
124.2 (s), 122.5 (s), 122.2 (s), 111.0 (d), 110.7 (d), 109.6 (d, 4C), 109.5 (d, 2C), 93.7 (d, C–1), 
75.6 (t), 75.5 (t), 75.2 (t, 2C), 75.2 (t, 2C), 75.1 (t), 75.0 (t), 73.9 (d), 72.9 (d), 72.6 (d), 71.4 (t, 
2C), 71.3 (t, 3C), 71.1 (d), 63.5 (t); HRMS m/z calcd for C132H108O26Na [M + Na]+ 2131.7026, 
found 2131.7043. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-[4′-hydroxy-4,5,5′,6,6′-pentabenzyloxy-
1,1′-biphenyl-2,2′-dicarboxylate]-β-D-glucopyranose (98).  
 
   A mixture of 106 (454 mg, 2.15 µmol), K2CO3 (323 mg, 2.34 µmol), and BnBr (36.8 mg, 
215 µmol) in DMF (2.5 mL) was stirred for 5.5 h at rt. After being diluted with Et2O (5.0 mL), 
to the mixture was added 1 M hydrochloric acid (5.0 mL). The aq mixture was extracted with 
Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. After the 
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general drying procedure, the crude product was purified by CC (50 g of SiO2, n-hexane/ 
oluene/EtOAc = 20/5/2 to 5/5/2) to afford 98 (76.8 mg, 34.9 µmol, 20% yield) as a colorless 
syrup, 110 (71.4 mg, 32.4 µmol, 19%) as a colorless syrup, full-Bn tellimagrandin II (111) 
(83.0 mg, 36.2 µmol, 21%) as a colorless amorphous solid, and recovered 62 (132 mg, 62.6 
µmol, 38%) as a colorless syrup. The 1H NMR data of 111 were identical to the literature 
data6.  
   Data for 98: [α]D23 –6.3° (c = 1.79 in CHCl3); IR 3425, 3089, 3064, 3031, 2938, 2875, 
1749, 1731, 1588, 1498, 1454, 1428, 1372, 1334, 1234, 1211, 1193, 1105, 1075, 1027, 1003, 
909, 861; 1H NMR (in acetone-d6) δ 8.69 (br s, 1H, OH), 7.61–7.53 (m, 12H), 7.50 (s, 2H), 
7.45–7.16 (m, 57H), 7.12–7.03 (m, 5H), 6.92–6.89 (m, 2H), 6.69 (d, J = 7.6 Hz, 1H), 6.23 (dd, 
J = 9.4, 8.6 Hz, 1H), 5.98 (dd, J = 8.6, 7.6 Hz, 1H), 5.66 (dd, J = 9.6, 9.4 Hz, 1H), 5.53 (dd, J 
= 13.5, 6.4 Hz, 1H), 5.27–5.19 (m, 6H), 5.11–4.84 (m, 22H), 4.71 (d, J = 10.8 Hz, 1H), 4.17 
(d, J = 13.5 Hz, 1H); 13C NMR (in acetone-d6) δ 168.1 (s), 167.8 (s), 166.3 (s), 165.7 (s), 
164.7 (s), 153.6 (s, 2C), 153.5 (s, 2C), 153.5 (s), 153.4 (s, 2C), 153.2 (s), 152.7 (s), 151.9 (s), 
145.4 (s), 143.9 (s), 143.8 (s), 143.6 (s), 143.1 (s), 138.7 (s), 138.6 (s), 138.6 (s), 138.6 (s), 
138.5 (s), 138.4 (s), 138.3 (s), 137.7 (s, 2C), 137.5 (s, 5C), 130.4 (s), 129.6 (s), 129.3–128.4 
(overlapping 69 doublets: 11 peaks were observed), 128.3 (d), 125.1 (s), 124.8 (s), 124.6 (s), 
124.5 (s), 122.4 (s), 111.4 (d), 110.0 (d, 2C), 109.9 (d, 2C), 109.8 (d, 2C), 108.6 (d), 93.9 (d), 
76.1 (t), 75.7 (t), 75.7 (t), 75.5 (t, 2C), 75.4 (t, 2C), 75.3 (t), 74.3 (d), 73.2 (d), 72.9 (d), 71.9 
(t), 71.7 (t, 2C), 71.6 (t, 3C), 71.6 (d), 63.9 (t); HRMS m/z calcd for C139H114O26Na [M + Na]+ 
2221.7496, found 2221.7469.  
 
   Data for 110: [α]D21 +9.1° (c = 0.195 in CHCl3); IR 3421, 3087, 3064, 3031, 2935, 2873, 
1752, 1732, 1710, 1588, 1498, 1454, 1429, 1373, 1334, 1234, 1194, 1105, 1074, 1040, 1027, 
1004, 978, 910; 1H NMR (in CDCl3) δ 7.47–7.11 (m, 69H), 7.06–7.04 (m, 2H), 7.01–6.99 (m, 
4H), 6.91 (s, 1H), 6.89–6.86 (m, 2H), 6.08 (d, J = 7.6 Hz, 1H), 5.86–5.77 (m, 2H), 5.72 (s, 1H, 
OH), 5.50 (dd, J = 10.1, 9.8 Hz, 1H), 5.46 (dd, J = 13.5, 5.5 Hz, 1H), 5.21 (d, J = 11.4 Hz, 
1H), 5.16 (d, J = 11.2 Hz, 1H), 5.12–5.08 (m, 7H), 5.01–4.86 (m, 16H), 4.74 (d, J = 10.8 Hz, 
1H), 4.73 (d, J = 10.8 Hz, 1H), 4.57 (d, J = 11.2 Hz, 1H), 4.37 (dd, J = 10.1, 5.5 Hz, 1H), 4.10 
(d, J = 13.5 Hz, 1H); 13C NMR (in CDCl3) δ 167.5 (s), 166.9 (s), 165.8 (s), 165.0 (s), 164.5 
(s), 152.8 (s), 152.8 (s, 2C), 152.7 (s, 2C), 152.6 (s, 2C), 152.5 (s), 150.9 (s), 149.6 (s), 144.6 
(s), 143.4 (s), 143.2 (s), 143.1 (s), 141.9 (s), 137.8 (s), 137.5 (s), 137.4 (s, 3C), 137.4 (s), 
136.9 (s), 136.6 (s, 2C), 136.5 (s, 2C), 136.5 (s, 3C), 129.2 (d), 128.8–127.5 (overlapping 68 
doublets and 2 singlet: 20 peaks were observed), 125.4 (d), 123.8 (s), 123.8 (s), 123.4 (s), 
123.4 (s), 122.6 (s), 109.6 (d, 2C), 109.6 (d), 109.5 (d, 2C), 109.3 (d, 2C), 108.0 (d), 93.4 (d), 
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76.1 (t), 75.6 (t), 75.2 (t, 3C), 75.1 (t, 2C), 75.1 (t), 73.1 (d), 72.9 (d), 71.7 (d), 71.3 (t, 3C), 
71.2 (t, 3C), 70.2 (d), 63.0 (t); HRMS m/z calcd for C139H114O26Na [M + Na]+ 2221.7496, 
found 2221.7500. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-[4′-methoxymethoxy-4,5,5′,6,6′- 
pentabenzyloxy-1,1′-biphenyl-2,2′-dicarboxylate]-β-D-glucopyranose (112).  
 
   MOMCl (0.9 mg, 10 µmol) was added to a solution of phenol 98 (15.6 mg, 7.09 µmol) 
and iPr2NEt (2.3 mg, 18 µmol) in CH2Cl2 (0.5 mL). The solution was stirred for 1 h at rt 
under N2 atmosphere. After addition of Et2O (5 mL), the reaction was quenched with 1 M 
hydrochloric acid (3 mL). The aq mixture was extracted with Et2O. The organic layer was 
successively washed with H2O and brine. After the general drying procedure, the crude 
product was purified by CC (1.0 g of SiO2, n-hexane/EtOAc = 5/1 to 2/1) to afford 112 
(15.5 mg, 6.91 µmol, 97% yield) as a colorless syrup: [α]D22 +0.67° (c = 1.43 in CHCl3); IR 
3088, 3063, 3030, 3012, 2936, 2878, 1747, 1731, 1588, 1498, 1454, 1428, 1369, 1332, 1235, 
1213, 1188, 1101, 1061, 1028, 1004, 916, 752; 1H NMR (in THF-d8) δ 7.54–7.47 (m, 8H), 
7.42 (s, 2H), 7.40–7.09 (m, 60H), 7.04 (s, 1H, HHDP-3), 6.98–6.93 (m, 5H), 6.86–6.83 (m, 
2H), 6.28 (d, J = 8.0 Hz, 1H, H-1), 6.02 (dd, J = 9.2, 8.8 Hz, 1H, H-3), 5.82 (dd, J = 8.8, 8.0 
Hz, 1H, H-2), 5.55 (dd, J = 10.0, 9.2 Hz, 1H, H-4), 5.35 (dd, J = 13.2, 6.0 Hz, 1H, H-6), 
5.28 (d, J = 6.8 Hz, 1H, MOM), 5.23 (d, J = 6.8 Hz, 1H, MOM), 5.16–5.15 (m, 6H, Bn), 
5.07 (s, 2H, Bn), 5.01–4.73 (m, 20H, Bn), 4.58 (dd, J = 10.0, 6.0 Hz, 1H, H-5), 4.06 (d, J = 
13.2 Hz, 1H, H-6), 3.50 (s, 3H); 13C NMR (in THF-d8) δ 167.9 (s, C=O attached to O-6 of 
Glc), 167.6 (s, C=O attached to O-4 of Glc), 166.1 (s, C=O attached to O-3 of Glc), 165.5 (s, 
C=O attached to O-2 of Glc), 164.3 (s, C=O attached to O-1 of Glc), 153.5 (s, galloyl), 
153.4 (s, galloyl), 153.3 (s, galloyl), 153.0 (s, HHDP), 152.1 (s, HHDP-4’), 145.6 (s, 2C, 
HHDP), 144.0 (s, galloyl), 143.8 (s, galloyl), 143.8 (s, galloyl), 138.8 (s, 3C, Ph), 138.7 (s, 
4C, Ph), 137.9 (s, 2C, Ph), 137.7 (s, Ph), 137.7 (s, 4C, Ph), 130.2 (s, HHDP), 129.4 (s, 
HHDP), 129.1–127.8 (overlapping 70 doublets and 5 singlets: 17 peaks were observed, Ph, 
HHDP and galloyl), 125.0 (s, HHDP), 124.9 (s, HHDP), 124.8 (s, HHDP), 124.6 (s, HHDP), 
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124.4 (s, HHDP), 111.3 (d, HHDP-3’), 109.9 (d, 4C, galloyl), 109.7 (d, 2C, galloyl), 108.7 
(d, HHDP-3), 96.5 (t, MOM), 93.8 (d, C-1), 76.0 (t, Bn), 75.9 (t, Bn), 75.7 (t, Bn), 75.4 (t, 
3C, Bn), 75.4 (t, Bn), 75.1 (t, Bn), 73.9 (d, C-3), 73.2 (d, C-5), 73.0 (d, C-2), 71.7 (t, Bn), 
71.6 (t, 3C, Bn), 71.5 (t, 2C, Bn), 71.4 (d, C-4), 63.9 (t, C-6), 56.4 (q, MOM); HRMS m/z 
calcd for C141H118O27Na [M + Na]+ 2265.7758, found 2265.7736. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-{4,5,5′,6,6′-pentakis-(benzyloxy)-4′-O-[4,5,5
-tris(benzyloxy)-2-formyl-6-oxocyclohexa-1,3-denyl]-1,1′-biphenyl-2,2′-dicarboxylate}-β-D- 
glucopyranose (113).  
 
A solution of ortho-quinone monoketal 45-Br (88.8 mg, 171 µmol), phenol 98 
(188 mg, 85.4 µmol), and K2CO3 (59.0 mg, 427 µmol) in MeCN (1.0 mL) was stirred for 2 
h at 60 °C under N2 atmosphere. After being diluted with Et2O (5.0 mL), the reaction was 
quenched with 1 M hydrochloric acid (5.0 mL). The aq mixture was extracted with Et2O. 
The organic layer was successively washed with satd aq NaHCO3 and brine. After the 
general drying procedure, the crude product was purified by CC (6.0 g of SiO2, 
n-hexane/EtOAc = 10/1 to 2/1) to afford 113 (218 mg, 82.4 µmol, 97% yield) as a red 
syrup: [α]D22 +14.9° (c = 2.55 in CHCl3); IR 3090, 3063, 3032, 2945, 2872, 1748, 1729, 
1683, 1639, 1587, 1498, 1454, 1428, 1371, 1331, 1188, 1104, 1068, 1027, 1003, 910; 1H 
NMR (in acetone-d6) δ 10.31 (s, 1H), 7.58–7.10 (m, 91H), 6.85–6.82 (m, 2H), 6.46 (d, J = 
8.0 Hz, 1H), 6.12 (dd, J = 9.6, 8.8 Hz, 1H), 5.92 (s, 1H), 5.88 (dd, J = 8.8, 8.0 Hz, 1H), 5.55 
(dd, J = 10.0, 9.6 Hz, 1H), 5.38 (dd, J = 13.6, 6.4 Hz, 1H), 5.24–4.67 (m, 34H), 4.56 (d, J = 
12.0 Hz, 1H), 3.92 (d, J = 13.6 Hz, 1H); 13C NMR (in acetone-d6) δ 192.7 (s), 189.7 (d), 
167.7 (s), 167.4 (s), 166.3 (s), 165.8 (s), 164.6 (s), 159.2 (s), 153.8 (s), 153.6 (s, 2C), 153.5 
(s, 2C), 153.4 (s, 2C), 152.8 (s), 151.6 (s), 147.2 (s), 145.6 (s), 145.0 (s), 143.9 (s), 143.8 (s), 
143.7 (s), 138.6 (s, 2C), 138.6 (s), 138.6 (s), 138.5 (s), 138.3 (s), 138.2 (s), 138.2 (s), 137.8 
(s), 137.7 (s, 2C), 137.6 (s, 2C), 137.5 (s, 2C), 137.5 (s), 136.8 (s), 131.8 (s), 130.2 (s), 
129.6–128.2 (overlapping 85 doublets and 3 singlets: 16 peaks were observed), 126.8 (s), 
O
OG(Bn)3 OG(Bn)3
BnO
BnO
BnO
O
BnO
OBn
O
O
OO
OG(Bn)3
113
Br
O
BnO OBn
OBn
CHO
K2CO3, MeCN
60 °C, 2 h
97%
45-Br
O OBn
CHO
OBnBnO
O
OG1
OG1
BnO
BnO
BnO
O
BnO
OBn
OH
O
OO
OG1
98
 71 
125.1 (s), 124.8 (s), 124.4 (s), 124.1 (s), 112.1 (d), 109.9 (d, 4C), 109.9 (d, 2C), 108.9 (d), 
93.9 (d), 91.7 (d), 76.5 (t), 76.1 (t), 76.1 (t), 75.5 (t), 75.5 (t, 2C), 75.4 (t), 75.4 (t), 74.2 (d), 
73.1 (d), 72.7 (d), 71.9 (t), 71.7 (t, 2C), 71.6 (t, 3C), 71.5 (t), 71.5 (d), 67.0 (t), 66.5 (t), 64.1 
(t); HRMS m/z calcd for C167H136O31Na [M + Na]+ 2659.8963, found 2659.8968. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-{4,5,5′,6,6′-pentakis(benzyloxy)-4′-O-[2-
hydroxy-3,4-bis(benzyloxy)-6-formylphenyl]-1,1′-biphenyl-2,2′-dicarboxylate}-β-D- 
glucopyranose (99).  
 
   Pd(PPh3)4 (14.6 mg, 12.6 µmol) was added to a solution of ortho-quinone monoketal 113 
(332 mg, 126 µmol) and Et3SiH (22.0 mg, 189 µmol) in DMF (1.5 mL). The solution was 
stirred for 10 min at 80 °C under N2 atmosphere. After addition of Et2O (3.0 mL), the reaction 
was quenched with H2O (3.0 mL). The aq mixture was extracted with Et2O. The organic layer 
was successively washed with satd aq NaHCO3 and brine. After the general drying procedure, 
the crude product was purified by CC (10 g of SiO2, n-hexane/toluene/EtOAc = 30/5/2 to 
8/5/2) to afford 99 (306 mg, 120 µmol, 95% yield) as a pale yellow syrup: [α]D21 +4.8° (c = 
1.26 in CHCl3); IR 3394, 3088, 3063, 3031, 2944, 2874, 1730, 1702, 1587, 1497, 1454, 1428, 
1370, 1329, 1190, 1104, 1071, 1027, 1001, 912, 843; 1H NMR (in acetone-d6) δ 10.15 (s, 1H), 
7.58–7.14 (m, 81H), 7.07–7.02 (m, 6H), 6.91–6.89 (m, 2H), 6.65 (s, 1H), 6.48 (d, J = 7.6 Hz, 
1H), 6.13 (dd, J = 9.2, 8.2 Hz, 1H), 5.90 (dd, J = 8.2, 7.6 Hz, 1H), 5.52 (dd, J = 9.6, 9.2 Hz, 
1H), 5.42 (dd, J = 13.2, 6.4 Hz, 1H), 5.27–5.09 (m, 13H), 5.01–4.87 (m, 17H), 4.80 (m, 3H), 
4.04 (dd, J = 13.2 Hz, 1H); 13C NMR (in acetone-d6) δ 188.1 (d), 167.8 (s), 167.8 (s), 166.3 
(s), 165.8 (s), 164.6 (s), 153.8 (s), 153.7 (s, 2C), 153.5 (s, 2C), 153.5 (s, 2C), 153.4 (s), 153.0 
(s), 151.2 (s), 145.6 (s), 145.2 (s), 144.4 (s), 143.9 (s), 143.8 (s), 143.7 (s), 142.6 (s), 140.5 (s), 
138.6 (s, 2C), 138.6 (s), 138.6 (s), 138.5 (s), 138.4 (s), 138.4 (s), 137.8 (s, 2C), 137.7 (s), 
137.6 (s), 137.6 (s, 2C), 137.6 (s, 3C), 130.0 (s), 129.6–128.4 (overlapping 80 doublets and 2 
singlets: 20 peaks were observed), 125.7 (s), 125.1 (s), 125.1 (s), 124.8 (s), 124.4 (s), 124.3 
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(s), 110.0 (d, 2C), 109.9 (d, 2C), 109.8 (d, 2C), 109.3 (d), 108.7 (d), 102.8 (d), 94.0 (d), 76.3 
(t), 76.1 (t), 75.9 (t), 75.6 (t), 75.5 (t), 75.5 (t, 2C), 75.5 (t), 75.2 (t), 74.2 (d), 73.1 (d), 72.9 (d), 
71.9 (t), 71.7 (t, 2C), 71.7 (t, 2C), 71.6 (t, 2C), 71.5 (d), 64.0 (t); HRMS m/z calcd for 
C160H130O30Na [M + Na]+ 2553.8545, found 2553.8533. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-{4,5,5′,6,6′-pentakis(benzyloxy)-4′-O-[2,3,4-
tris(benzyloxy)-6-formylphenyl]-1,1′-biphenyl-2,2′-dicarboxylate}-β-D-glucopyranose (114).  
 
   A mixture of 99 (306 mg, 102 µmol), K2CO3 (70.5 mg, 510 µmol), and BnBr (26.2 mg, 
153 µmol) in MeCN (1.5 mL) was stirred for 8.5 h at rt. After being diluted with Et2O (5.0 
mL), to the mixture was added 1 M hydrochloric acid (5.0 mL). The aq mixture was extracted 
with Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. After 
the general drying procedure, the crude product was purified by CC (15 g of SiO2, 
n-hexane/toluene/EtOAc = 30/5/2 to 12/5/2) to afford 114 (230.8 mg, 88.0 µmol, 86% yield) 
as a colorless syrup: [α]D23 +9.0° (c = 0.85 in CHCl3); IR 3089, 3064, 3031, 2941, 2873, 1750, 
1731, 1686, 1588, 1498, 1475, 1454, 1428, 1371, 1335, 1213, 1191, 1105, 1075, 1027, 1004, 
911; 1H NMR (in acetone-d6) δ 10.17 (s, 1H), 7.58–7.49 (m, 10H), 7.45 (s, 2H), 7.42–7.14 (m, 
74H), 7.07–7.01 (m, 5H), 6.90–6.88 (m, 2H), 6.87 (s, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.19 (dd, 
J = 9.6, 8.4 Hz, 1H), 5.89 (dd, J = 8.4, 8.0 Hz, 1H), 5.56 (dd, J = 10.0, 9.6 Hz, 1H), 5.45 (dd, 
J = 13.2, 6.4 Hz, 1H), 5.47–5.07 (m, 14H), 5.03–4.86 (m, 18H), 4.81–4.77 (m, 3H), 4.04 (d, J 
= 13.2 Hz, 1H); 13C NMR (in acetone-d6) δ 187.9 (d), 167.8 (s), 167.6 (s), 166.4 (s), 165.8 (s), 
164.7 (s), 153.7 (s), 153.6 (s), 153.6 (s, 2C), 153.5 (s, 3C), 153.5 (s, 2C), 153.1 (s), 151.7 (s), 
149.5 (s), 146.7 (s), 146.3 (s), 145.5 (s), 144.5 (s), 143.9 (s), 143.8 (s), 143.7 (s), 138.6 (s), 
138.6 (s, 3C), 138.5 (s), 138.5 (s), 138.3 (s, 2C), 138.1 (s), 137.8 (s), 137.7 (s, 3C), 137.5 (s, 
4C), 130.1 (s), 129.4 (s), 129.4–128.4 (overlapping 85 doublets: 14 peaks were observed), 
125.6 (s), 125.5 (s), 125.0 (s), 124.8 (s), 124.4 (s), 124.0 (s), 110.4 (d), 110.0 (d, 2C), 109.9 (d, 
2C), 109.8 (d, 2C), 108.6 (d), 107.2 (d), 94.0 (d), 76.3 (t), 76.3 (t), 76.1 (t), 76.0 (t), 75.9 (t), 
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75.6 (t), 75.5 (t, 2C), 75.5 (t, 2C), 74.3 (d), 73.0 (d), 72.9 (d), 71.9 (t), 71.8 (t), 71.7 (t, 3C), 
71.6 (t, 2C), 71.5 (d), 63.9 (t); HRMS m/z calcd for C167H136O30Na [M + Na]+ 2643.9014, 
found 2643.8992. 
 
 
1,2,3-O-Tris(3,4,5-tri-O-benzylgalloyl)-4,6-O-(S)-{4,5,5′,6,6′-pentakis(benzyloxy)-4′-O-[2,3,4- 
tris(benzyloxy)-6-carboxyphenyl]-1,1′-biphenyl-2,2′-dicarboxylate}-β-D-glucopyranose (115).  
 
   To a stirred solution of 114 (238 mg, 88.0 µmol), 2-methyl-2-butene (0.1 mL), and 
NaH2PO4 (20.6 mg, 132 µmol) in THF/tBuOH (v/v = 1/1, 2.0 mL) was added a solution of 
NaClO2 (11.9 mg, 132 µmol) in H2O (0.5 mL). The reaction mixture was stirred at rt for 30 min 
under air. After addition of H2O (5.0 mL), the aq mixture was extracted with Et2O. The organic 
layer was successively washed with satd aq NaHCO3 and brine. After the general drying 
procedure, the resulting residue was purified by CC (5.0 g of SiO2, n-hexane/toluene/EtOAc = 
10/5/2 to 5/0/1 to 1/0/1) to afford carboxylic acid 115 (179 mg, 67.9 µmol, 77% yield) as a pale 
yellow syrup: [α]D22 +3.9° (c = 1.68 in CHCl3); IR 3186, 3087, 3065, 3032, 2949, 2878, 1752, 
1731, 1589, 1498, 1455, 1429, 1371, 1335, 1231, 1193, 1116, 1077, 1027, 1003, 910; 1H NMR 
(in acetone-d6) δ 7.59–7.51 (m, 9H), 7.48–7.15 (m, 75H), 7.08–6.99 (m, 6H), 6.86–6.83 (m, 
2H), 6.82 (s, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.19 (dd, J = 9.6, 9.2 Hz, 1H), 5.89 (dd, J = 9.2, 8.0 
Hz, 1H), 5.55 (dd, J = 10.0, 9.6 Hz, 1H), 5.48 (dd, J = 12.8, 6.0 Hz, 1H), 5.30 (d, J = 11.6 Hz, 
1H), 5.25–5.06 (m, 16H), 5.01–4.90 (m, 16H), 4.82 (d, J = 10.4 Hz, 1H), 4.80–4.77 (m, 2H), 
4.05 (d, J = 12.8 Hz, 1H); 13C NMR (in acetone-d6) δ 167.8 (s), 167.8 (s), 166.5 (s), 165.8 (s), 
165.7 (s), 164.7 (s), 153.7 (s), 153.6 (s, 2C), 153.5 (s, 2C), 153.5 (s, 2C), 153.4 (s), 153.1 (s), 
150.9 (s), 147.5 (s), 147.4 (s), 145.5 (s), 144.6 (s), 143.9 (s), 143.8 (s), 143.7 (s), 143.1 (s), 
138.9 (s), 138.6 (s), 138.6 (s), 138.6 (s), 138.5 (s, 2C), 138.4 (s, 2C), 138.0 (s), 137.7 (s, 3C), 
137.5 (s, 3C), 137.5 (s, 2C), 129.6 (s), 129.6 (s), 129.4–128.5 (overlapping 84 doublets and 2 
singlets: 17 peaks were observed), 128.2 (d), 125.0 (s), 124.8 (s), 124.4 (s, 2C), 120.8 (s), 111.9 
(d), 110.0 (d, 2C), 109.9 (d, 2C), 109.8 (d, 2C), 109.5 (d), 108.5 (d), 94.1 (d), 76.2 (t), 76.2 (t), 
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76.1 (t), 75.9 (t, 2C), 75.7 (t), 75.5 (t, 2C), 75.5 (t, 2C), 74.4 (d), 73.0 (d), 71.9 (t), 71.8 (t), 71.7 
(t, 3C), 71.6 (t, 2C), 71.6 (d), 71.4 (d), 63.8 (t); HRMS m/z calcd for C167H136O31Na [M + Na]+ 
2659.8963, found 2659.8978. 
 
 
Rugosin A (23).  
 
   A mixture of 115 (22.5 mg, 8.53 µmol) and palladium on carbon (10 wt. %, 5.0 mg) in 
acetone (1.0 mL) was stirred for 5.5 h at rt under H2 atmosphere. The mixture was filtered 
through a cotton–Celite pad to remove the catalyst and carbon. The crude product was 
dissolved in 1 M hydrochloric acid and purified by CC (500 mg of Sephadex LH-20, H2O to 
MeOH) to afford rugosin A (23) (9.2 mg, 8.3 µmol, 97% yield) as a pale yellow syrup.1H 
NMR, 13C NMR, HRMS, and optical rotation data for 2 were in agreement with the literature 
data7. 
 
Octadecamethylrugosin A (116).  
 
   Synthesized rugosin A (23) (5.5 mg, 4.97 µmol), K2CO3 (65.0 mg, 470 µmol), and MeI 
(228 mg, 1.61 µmol) in DMF (0.25 mL) was stirred for 10 min at rt under N2 atmosphere. The 
reaction was quenched with 1 M hydrochloric acid (3.0 mL). The aq mixture was extracted 
with Et2O. The organic layer was successively washed with satd aq NaHCO3 and brine. After 
the general drying procedure, the resulting residue was purified by CC (500 mg of SiO2, 
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n-hexane/EtOAc = 5/1 to 1/2) to afford 116 (3.6 mg, 2.7 µmol, 53% yield) as a pale yellow 
syrup. 1H NMR and optical rotation data for 116 were identical to the literature data7. 
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